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PREFACE

It is a great privilege for us to present the proceedings of 3" School of Physical
Sciences Biennial International Conference (SPSBIC) 2021 devoted to the role
of science and technology in the realization of research and development in the
era of pandemic. We hope that authors, delegates, agencies other individuals will
find this compilation very useful and inspiring.

The school of Physical Sciences 3 Biennial International Conference is an
interdisciplinary forum for the presentation of new ideas, recent developments
and research findings in the field of Science and Technology.The Conference
provides a platform to scholars, researchers in the academics and other
establishments to meet, share and discuss on the role of science and technology
in the realization of research and development in the era of pandemic.
Submissions were received both nationally and intemmationally and severally
reviewed by our international program committee. All contributions received
were neither published elsewhere nor submitted for publication as asserted by
contributors,

This conference brought together experts from varying ficlds, visions, knowledge
and experience with potentials; pre-conference workshop and four Keynote
speakers with world class experience in varying lields of specialization in
addition to over 150 scientific participants who unveiled the latest scientilic
evidence 1o boost contemporany  scientific and  technological  rescarch
development in the era of pandemic, !

The success of the conterenoe was a function of the collective eflorts of numerous
individuals, Our profound gratiaude goes to the Dean School of Physical Sciences
Prof. Jonathan Yisa for putting the trust the inus to serves as the Local Organizing
Committee (LOC), The Vice Chancellor Prof. Abdullahi Bala and the entire
management team for thea untlinching suppont that led to the success story, We
are most gratetul 10 owr workshop facilitator and his team as well as our keynote
speakers for acoepting our invitations and travelled long distances 1o be with us
at no cost to the University, We abso acknowledge the panticipants themselvey,
without whose expert input there would have been no conference. Thank you all
for your comnbutions.

PProf. A, Abdulkadir
Chatperson Local Organizing Commitiee
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THEME OF THE CONFERENCE
The Role of Science and Technology in the Realization of Research and Development in the

Era of Global Pandemic

SUB-THEMES OF THE CONFERENCE
* Sustainable Management of Pandemic 4
* Global Change, Responses and Strategics for Limiting Pandemic
* Modelling and Monitoring of Pandemic
* Science, Technology, Engineering and Mathematics as Leveraging tools for

Management of Pandemic 1

PRE-CONFERENCE WORKSHOP TITLE

Isolation, Purification and Structural Elucidation of Compounds and Drug Testing on Animals

SPSBIC2021
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KEYNOTE SPEAKERS

» %
Dr. I1. A. Shaba

Dr. Halilu Ahmad Shaba was a Director, Strategic Space Applications Department (SSA), National
Space Research and Development Agency (NASRDA) as well as HOD, Department of Geo-informatics
& GIS Applications, Institute of Space Science and Engineering (ISSE) affiliate of Africa University
of Science and Technology (AUST), Abuja.

Dr. Shaba has successfully overseen and implemented over 20 projects among which are:

o Mapping the Drivers of Deforestation and Forest Degradation in Cross River State, Nigeria
(Sponsored by FAO) '

+ Erosion Mapping and Monitoring with Space Technology in South-East and South-South
Nigeria (Sponsor by World Bank via NEWMAP).

o Monitoring deforestation and forest degradation in cross river state, Nigeria (Part of the
implementation of the UN-NEDD program in Nigeria)

o National Personnel Audit Geospatial Digital Database Development: Sponsor by UBEC

o Geoseferenced Infrastructure and Demographic Data for Developmeqt (Grid3) Project in
Nigetia (NASRDA, cHealth Africa, Centre for Intermational Earth Science  Information
Network (CIESIN) USA and Novel 1)

o Ingagement for harmonzation of health fagilties database (Phase 12 Geospatial Tracking
System (GIS) (Ministny of health, National Primary Health Care Development Agency
collaborating wath National Space Research & Development Agency, ellealth Africs
I oundation and Novel 1)

o Space Based Digaal Farm Mondorng from space for 2020 dey season farming (CBN Anchor
Borrowet )

i, Shaba has also provaded setvices 10 several Natwnal and Intermational Committees/Panels
throughout his tenure as duecton SSA, amangst are ’
o Member, Nigetian Delegation 1o Unded Natwns Comen tice 0a Peaceflul Use of Outer .J.—Er.c
(UNSCOPLION) trom D003 1o date
o Momber, Jourt Eapent Cooap B JEGE) on the inplomentation of an integrated AU-EL Joint
Strategy undet the B Pantnennbup on Soience, Information Society and Space, 2010 to date.
o Mombor, Eatended Conrdimatng Team of Global Montoning of the Environment & Africa
(OMES & Atnga), 201010 date :
o Lapoutive Commatios Mombor & GO Prewsgpal for Nigena, Group en Earth Observation
(GEHO), Geneva, Switzerland (013 -dae

Fanally, [, Shaba o a8 momber of seversl orpauzatons and has been conferrad with the award of
honarany fcllow by the tallowng prestigons badies,

o Geontoarmation Sty of Nogera (GEOSON)

o Sooty of Professional Disaster Risk Maageon of Ngera (SOPDRIMN)

o Ngeran Cantographg Assocuton (NCA)

SPENCON )
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Dr. M. Alkali

.E.::.s_ii\.Uw..:Z::m._:._m.ma..Erm_m:_«m;m;».m%...wm_.n.wnm.m::m.r..mz.w:.,:..momewmmtm._mea,r._ﬂm:..nm,mmwmﬂ,”r;,_._,.._._ﬁm_..mpm.a:._,.. 1...::::.!{“*
published articles in academic and scholarly journals. Before he was appointed the Group Head, .
SIC, Dr Alkali bagged his Ph.D. in Integrated Systems Engineering with a research bias in
Spacecraft Power Systems from Kyushu Institute of Technology (KYUTECH/KIT), a prestigious i
University of Technology in Japan. While in Japan, he participated in the design and development
of the Electrical Power System of the Arc Event Generator and Investigator Satellite (AEGIS), a
scientific spacecraft also known as Horyu-1V which was successfully launched into orbit on-board
the H-2A rocket in February 2016.

He received his Masters degree in Personal, Mobile & Satellite Communications from the

University of Bradford, England. His tertiary education commenced with a Bachelor degreg

(second class- upper division) in Physics/Electronics from the Federal University of Technology

Minna, Niger State. Dr. Alkali has had a colourful, impactful career spanning from Advanced

Microcomputer Systems 1o Central Bank of Nigeria (NYSC) to SAGEM SA to the Abuja area

office of the United Bank for Africa (UBA) to the National Space Research and Development

Apency (NASRDA) and finally to the Nigerian Communications Satellite Limited (NIGCOMSAT) ,
Where he has served in vatious capacities over the years in Satellite Ngtwork Control and 1
Applications. He was also a pivotal member of the AFRICARE-NIGERIA's project (Independent 5
Policy Group), a think=tank for the President of Nigeria (2002.2003),

D, Alkali has always aimed 10 have an expamae international and local repertoire of knowledge
while keeping abreast with industry trends. This has led to his participation in the study visit on
Furopean Union Global Navigation Satelling Sy stem in Spain, his attendance at the Indian Institute
for Public Administration (HHPA) New Delh, where be trained in Global Strategic Leadership for
Growth and Sistainable Development. He attended the Advanced Visioning and Leadership
Programme on Managing Human Capital and Shaping Culure organized by TL First
GroupImstitute of Leadenstup and Management of UK. He also attended a practical project
management course @ CCLL, Cardit! University-United Kingdom. He was among the 5
Scientnty Engineens trained a1 the China Academy of Space Technology/ Beijing Institute of
Tracking & Telocommunications Technology for Know-how Technology Transfer training on
NigComSat-1 from 2008, In 2008, he sttended a Satellite networking course at PT Telkom leaming
Centre in Randung, Indonesia

Dr. Alkal s a fellow of the African Scientfic Institute (FASI), a Fellow of the Institute of

Astronautics, Member Nigerian Institute of Physics, and a Member of the Computer Professionals
Registration Council of Nigeria (MCPN). Dr. Alkali has vast interests ranging from Design
thinking, encrgy; CT science, technalogy, and innovations (ST1) to spacecrafi design and systems
integrations (pay load and bas sy stems )

SPLRIC02
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University from 1982 10 1983, He was a Fulbrght Scholar at Sultan Qaboos University in Omar

from 2003 to 2004; and hie served as a Camegie Afncan Diaspora Fellow at the Federal ::_<r.qu_—v.

of Technology, Minna, Nigeria in the summen of 2017 and 2019, His rescarch interests include

University of Technology, Yola (now Modibbo Adama University of Technology). before
o migtal complenes and chemical education. He

_.__::...:.::,' Ea photoghemistey of tra

teaches peneral, inorganic and environmental chomistny couna
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Prof. Makun Hussaini Anthony

Prof. Makun Hussaini has 29 years of experience as a university academic staff and a researchet
in areas relating to food safety, environmental health monitoring, mycotoxicology and
mycology. He possess a Doctorate degree in Biochemistry (Toxicology) after successful
completion of a thesis entitlec “Studies on mycoflora and mycotoxins contaminating guinea ,
corn and rice in Niger State, Nigeria” This was preceded by an MSc degree in Biochemistry !
(thesis titled “Analysis of blood levels of trace metals, total lipids and cholesterol in Ajaokuta

Steel Industry workers™). The novelty of finding Fusarium verticillioides in Nigerian rice during M
his PhD work, which is the fungi associated with oesophageal cancer Am.Q in South Africa, I
carned him a National Research Foundation Postdoctoral Fellowship (PDF) with Food i
Environment and Health Research Group of the University of Johannesburg (UJ).

Being a university teaching staff for over almost three decades, Prof. Makun has taught many
biochemistry and environmental tosicology related courses at both undergraduate and
postpraduate levels, He has supervised and praduated over 85 B-Tech, 18 M-Tech students and
9 PhDs, The praduate students all worked on mycotonins,

Prof, Makun has won national and intermational rescarch grants to the cumulative sum of §8,
047,787, 47 He s a Fellow of My cotonicology Socicty of Nigeria (FMSN), a member of the
National Apency for Food and Drug Administration and Control (NAFDAC), National Food
Nafety Advisory Commitiee of Nigenia, National Codex Committee of Nigeria, African Union
Expent Committee on Contantinants in Food (2011 to date) and Joint FAO/WHO Expent
Committee on Contaminants i Food JECEA) (2012:2020). He coordinated the writing of the
“discussion paper on fungi and mycotonins in Sorghum™ which was adopted as a document of
the Joint FAO/WHO Eaperts Commuttes on Food Additives (JECFA) in 2012 and participated
in the writing of “Proposed draft anaes for “prevention and reductiop of aflatoxins and
ochratonin A in sorghum™ i the eansting code of practice for the prevention and reduction of
mycotoain contamination in cereahy (CACRCP 21:2003)", He wrote on the prevention and
control of sterigmatocy atin and diacetonyscupenol for the 83 meeting of JECFA held in
November, 2017 in Rome

Prof. Makun has 72 publications, mostly on my cotonins in peef review journals, technical papers
and books, He was the immedute pass Director of Research, Innovation and Development of
the Federal University of Technology Minna, Nigeris. He is currently the Lead Researcher of
the Food and Tovicology Research Growp and Centre Leader of the Africa Centre of Excellence
for Mycotoain and Food Safety of the Federal Univensity of Technology Minna. Project
Coordinator of the West Atnican Food Safety Network (WAFOSAN) and Member of the
African Food Safety Network, He has sened as clection monitor, election collation and
returning officen at state and rational assembly clections from 1999 10 2015). He has passion
for jogging and reading. He & mamied 10 Barrister Evelyn Pambelo Hussaini and blessed with
four children

SPAMC202 i .
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Dr. Eustace Manayi Dogo

Dr Eustace M. Dogo has over ten years of industry experience working in Russia, Europe and
Nigeria. He holds a BSc and MEng degrees in Electrical Engineering from Peter the Great
Saint Petersburg Polytechnic University, Saint Petersburg, Russia and PhD degree from the
University of Johannesburg, South Africa. His PhD research focused on investigating
imbalanced learning using Antificial Intelligence algorithms in real-world drinking-water
quality detection problems, where he proposed three new dynamic selection algorithms

combined with data pre-processing methods.

Among his notable contributions while at the University of Johannesburg during his
postpraduate studies, Dr Eustace Dogo senved as a volunteer to the 6th International
Conference on Soft Computing and Machine Intelligence (ISCMI 2019) held in Johannesburg,
South Africa, on November 19:20 1n 2019, he served as a tutor in the first Short Leaming
Propramme (S1LP) in Computational Intellipence for Industry, organized by the Institute for
Intelligence Systems i collaboration with the Department of Information Systems at the
University of Johannesburg, and succensfully gradusted two batches of students drawn ncross

diverse works of life (over 20 students)

Dr Bustace Dogo was recenth among a pangl of discussants in the University of
Johannesburg's Clowde hate on the Fourth Industraal Revolution and Technology for People
with Disabilities. Between 2018 aad 2019, he co-supervised 1o completion 16 undergraduaré
students in the Depantment of Llectnical and Elestronic Engineering Science, University of
Johannesburg, South Aftica He abo preseuted a technigal talh at the POWER-GEN &
DistribuTECH » GEN-X conference and exlubion which took place in Sandton, Johannesburg

in 2017,

D Eustace Dogo has extemne knowledge i industry, research, trainingwnd teaching. He is
an active undorgraduate and posteraduste dogree supen isor and has authored and co-authored
in reputable journals, conforences and several schiolarly rescarch books in his areas of interest,
He jomad the acadomia m 2012 and cunenthy kxtures @t the Depanment of Computer
I nginocning, Federal Unnvenaty of Technology Muna, Nigena His broad rescarch interest
includes, theoretical and spphied Machne | carnmg, Intelligent Systems, Cloud Computing and
I merging Technologies. He s mamied 10 Barrster Fatima Eustace-Dogo and blessed with

three cluldren
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CONFERENCE WORKSHOP FACILITATOR

A

?e_.._cn_‘er Tantoh Ndinteh

Prof. Derek Tantoh Ndinteh is an expert in areas of Natural Products Chemistry; drug discovery
and drug delivery platforms. He is currently working on Natural Products Chemistry that deals with
extraction, purification, isolation and characterization of chemical substances and evaluation of
biological and pharmacological activities of African plants for pharmaceutical industries.

He is interested in collaborating with Federal University of Technology, Minna on the evaluatiof
of the antidiabetic, antimicrobial, antioxidant, anticancer and anti-ulcerogenic potentials of
secondary metabolites from Nigerian Medicinal Plants.

Our interaction so far with Prof. Derek Tantoh Ndinteh has been very mutual and beneficial to both
Universities involved because it has potential to increase out visibility at global level based on
academic activities and mainstreaming and replication of the rescarch and tgaching outcomes of
m by the stall and students can be integrated into overall development of Nigeria
and South Africa
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S/No.

10

12

13

14

15

16

CHEMICAL/LIFE SCIENCE
Paper 11/ Title

2021SPSBIC0011 - Hydro -thermal Synthesis and Characterization of WO3 nanowires and
Chlorine-Calcium co-doped WO3 Nanowires composites

2021SPSBIC0012 - Synthesis and Characterization of NiO Nanoparticles and B,0y/NiO
Nanocomposite via Hydrothermal Route

. =¥
2021SPSBIC0019 - Study of the mechanical and thermal properties of the waste polystyrene
foams and chemically modified sweet potato starch composite.

2021SPSBIC0020 - Antibacterial activity and FTIR characterization of ethylacetate fraction
of Piliostigma thonningii against Salmonella species

2021SPSBIC0029 Evaluation of The Phytoconstituents, Mineral Contents, Essential Qil
Composition and Antibacterial Activity In Mentha Piperita (Peppermint) Leaf Extract

2021SPSBIC0030 — Prevalence of Escherichia Coli In Some Selected Well In Bida
Metropolis Niger State Nigeria

2021SPSBIC0032 - Studies on Fungi Associated with Date Fruit (Phoenix datylifera Linn)
Sold in Bida, Niger State, Nigeria

2021SPSBIC0039_1 -A DFT Study on the Effect of Beryllium Doping in WO3

2021SPSBIC0039_2- First Principle Investigation on the Effect of Z.m.r.monm:m on Optical
Properties in WO3

2021SPSBIC0044 - Fungi Associated with Postharvest Spoilage of Sweet Orange (Citrus
Sinensis) Sold in Bida Metropolis Niger State Nigeria

2021SPSBIC0050 — Antidiarrohoea Activity of Methanolic Extract of Scoparia Dulcis Linn

2021SPSBIC0065 - Chemometric Analysis of the 13&8_.0_53&_ Parameters and
Heavy Metal Accumulation in Bosso Dam, Minna

2021SPSBIC0068 — Profiling of Selected Nigerian Local Rice Varieties for their mmmoa_a
Trace Elements Content

2021SPSBIC0069 — Green Synthesized Gold-lodine Nanocomposite and Evaluation of its
Kinetic Delivery using Dialysis Bag Method

2021SPSBIC0078 - Effects of Ethyl Methane Sulphonate on Vegetativé Traits of Selected
Genoytpes of Groundnut (Arachis Hypogaea L.)

2021SPSBIC0080 — Box-Behnken Design Optimization of Process Variables for the Sol-
Gel Synthesis of Zinc Tungstate Nano particles
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17 2021SPSBIC0083 — High Performance Liquid Chromatography (HPLC) and In Vivo

Antimalaria Activity of Combretum Glutinosum Perr. Ex. Stem Bark

18 20218PSBIC0091 - Effect of Hyptis Suaveolens Methanol Leaf Extract on Trypanosoma

brucei brucei Infected Mice

19 2021SPSBIC00110 - Effects of Ethyl Methane Sulphonate on Vegetative Traits of Selected ¢

Genoytpes of Groundnut (Arachis Hypogaea L.)

20 2021SPSBICO0111_1 — An Overview on the Environmental Impacts of Polyethylene

Generation and Disposal in Afro-Tropical Freshwater Eco- System

21 2021SPSBIC009S5 - Molecular Docking Studies of Csre Cancer q.u..@mfi:: Dasatinib and

Curcumin as Novel Inhibitor

EARTH SCIENCE

22 2021SPSBIC0002_1 - Geophysical Investigation of Groundwater Potentials in Selected

Areas of Kaduna, Nigeria

23 2021SPSBIC0002_2 - Application of Frequency Domain Electromagnetic for Mapping Gold
Mineralization Potential in Iperindo, llesha Schist Belt, Southwestern Nigeria

24 2021SPSBIC0008 - Palynostratigraphy, Biochronology and Paleobathymetry of a section of
Awaizombe-1"Well in the EasteromNiger Deélta; Nigepia——= == mommrr> some wowmewmee= &

25  2021SPSBIC0014 -Geology and Geochemical investigation for structurally controlled gold

mineralization in Mariga, North-Western Nigeria

26 2021SPSBIC0017 - Aeromagnetic investigation of underlying Geological Structures of Rafin

Rewa Warm Spring and its environs

1
27  2021SPSBIC0051 - Applications of Slide Scan Images of Thin-Sections for Sedimentological

Studies During Lock-Down Periods

28  2021SPSBIC0053 - Updates on the Geological Map of Paiko Sheet 185 on a Scale of

1:100,000

29  2021SPSBIC0072 - Assessment of Geothermal Potential in Parts of Niger Delta, Nigeria

using High Resolution Aeromagnetic Data

30  2021SPSBICO008S - Application of Geological and Geophysical Data to Characterise ES000

Reservoir in Afenmai Field of Niger Delta Basin, Nigeria

31  2021SPSBIC0089 - Geoelectrical Investigation for Groundwater Potential at Government *

Secondary School, Kwakuti Niger State, Nigeria

32 2021SPSBIC0099 - Hydrochemical and Bacteriological Evaluation of Surface and

Groundwater Sources in Mpape Area of Abuja, North Central Nigeria

33 2021SPSBIC0093 - Estimation of Depth to Structures Associated with Gold Mineralisation

Potential over Southern Part of Kebbi State using Aeromagnetic Data

SPSBIC2021

1

xii

133

146

155

162

172

180

189

198

aww

207

221

230

239

252

264

274

284

290



3" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2021

34 2021SPSBIC00101 - Impact of Waste Disposal Site on Groundwater Quality at Rafin-Tofa
Solid Waste Dumpsite, Kampala, Niger State, Nigeria

-a-
MATHEMATICAL/ICT
35  2021SPSBIC0009 - An Intelligent Model for Detecting the Sensitivity Sentiments in
Learners’ Profile on Learning Management System

36 2021SPSBIC0015 - Modelling and Forecasting of Stock Price Returns in Nigeria

37 2021SPSBIC0018 - Discriminant Analysis with Logistic Regression Methods in
Classification of Birth Weight in Niger State, Nigeria

38 20218PSBIC0021 - Multivariate Analysis of dynamic transmission of Coronavirus disease
with AstraZeneca vaccine as control measure in Nigeria

39 2021SPSBIC0023 - A Note on Combustible Forest Material (CFM) of Wild land Fire Spread

40  2021SPSBIC0025 - Binary Logistic Regression Modeling of Impact of agriculture credit
facilities and farmers” socio-economic characteristics on small scale farming in Niger state

41 2021SPSBIC0027 - Effects of Exchange Rate on import and export of oil and non-oil

products: A multivariate GARCH models Approach .

42 2021SPSBICO031 - An Application of Analysis of Covariance (Ancova) Technique in
Eliminating the Effect of Concomitant Variables in the Analysis of Volume of Sales.

43 20215PSBIC003 . Pavalusting Studests’ Academic Performance  using  Clustering
Technigues: A Case Study of School of Engmeening, Federal Polytechnic, Bida, Niger State,
Nigetia

44 20215PSIIC0038 » Budding Densty and Mowsing Submarket: A Historico-Geographic
Approach on Urban Morphology

45 2005P5B1C0036 » | flects of Mg Obserystaoen 0 Central Composite Designs on
I stimates of Model Coeflicients and thea Standaed | rron

46 20215PSBICO04Y » Vector Adtoregtessie and Autoregrensing Integrated Moving Average
Madelling of inflation Rate i Nigona Leng sones estenstes dynamic causal effects and
contelation over time

47 2020SPSBICO08Y » The MLE-Distribations fating for detevting eatreme points, and possible

repetitions of sadden beeab g powits i Bz Qs '

48 20INPABIC00SE » Madelling the Cortrol of Carniers Recenving Treatment and Exposed
Receiving Treatment for the Sprpad of Amachaase (Amogbic Dysentery)

49 201SPSIC0064 - Non-Lacal Vitvation of Doable - Walled Carbon Nano-Tube using Finite
1 lememt Methad

S0 2021SPSRICO0™ - Anahsis of T 1 and T 2 Relanation Tienes from Bloch Equation for the
I atimation of Age of Human Organs

s 22ISPSBICOORE « Goey-Markoy Made! for the Predution of Vehicular Acoident’s Human
Casualtios slong Loboja-Abuga-Kaduna Eapeess Way, Nigera
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2021SPSBIC0077 - Mathematical Modelling of Blood Flow in the Stenosed Artery

2021SPSBIC0097 - Application of Queuing Theory Model in Evaluating the Efficiency of
Service in Students’ Academic Affairs

2021SPSBIC0104 - Second Refinement of Preconditioned Accelerated Over relaxation
Method for Solution of Linear Algebraic Systems

2021SPSBICO115 - Application of Queuing Theory to an ATM Gallery of a Bank

PHYSICAL /CLIMATE SCIENCE
g
2021SPSBIC0001 - Trend analysis of temperature and relative humidity across the climatic
zones of Nigeria

2021SPSBIC0005 - Climate Variability and its Effects on Malaria Prevalence in Kuje Area
Council, Federal Capital Territory, Nigeria.

2021SPSBIC0010 - Construction and comparison between a savonius and darrieus vertical
axis wind turbine

mom_mwmm_nooma-Cq_umz_..oamﬁ_ummaauzozm:m<=__._m_.uc=:<_ovusmaangmxcmmz
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Abstract

Flood and drought are among the most common natural disasters affecting the world.
In this paper, Markov model has been used to analyse and predict flood and drought
occurrences in Birnin Kebbi Nigeria. The Standardized Precipitation index (SP1) was
used to classify the annual rainfall of Birnin Kebbi into three states (flood, normal
and drought). After some successful iterations of the model, the model stabilized to

equilibrium probabilities, revealing that in the long-run 2026 of the years in Birnin v

Kebbi will experience flood, 60% will experience normal rainfall and 20% will
experience drought. It was also observed that, a drought year cannot be followed by
a flood year and the probability of a drought year to be followed by a normal year is
high while the probability of a normal year 1o be followed by a drought year and a
drought year to be followed by another drought year is extremely small. Resulls from
this rescarch is an important information to the government and people of Kebbi state
Jor better understanding of rainfall dynamics in their locality. o

Keyword: Markov model, Annual Rainfall, Standardized  Precipitation Index,
Tramition Probability, Lquilibrium Probabilitics.

Introduction

Hoods and droughits are ammong the most dinateown natural hazands in the world (Bates, ¢f al., 2008;
IPCC, 20070, 2012) Drovght accun whon thae o vgnificant rainfall deficit that causes
hydrological imbalinces and afiects the land productive syatems. Drought practically occurs in all
climatic regions with both tugh and dow mean raatalls (Um er al. 2007). e can result in damaging
apnicultoral production and the natural eovaonneat (Gidey ef wl. 2015). Drought Is often seen as p
oreeping” phenomenon with slow anset and cessation. As a result, an effective drought monitoring
system s the most impontant ol for developeng and implementing efficient ._____ﬂ.,:_:: a:.:.o.ﬁ_nu.
However, notanly can the onset of drought conditionn be rapid, an indication of how long drought
conditions may continue will enable wnproved plavung and resource allocation. For this reason, a
capability 10 accuraely forecast the omsel, penatence and censation of drought conditions will
st sttt s to be developed (Singleton, 2012). Guha-sapir
ol QUL definer Hood @ sgnficat 1o of water level in a stream, laket reservoir or coastal
tegon Alsa, (helson, 2007 ) defined Goad @ eacessag water run-ofl of the rise in water level In a
panticulat area which o moe Ban what e parte olar oo rornent can absorb. Flood and drought

enable more ellpctive droagh

are ong of the moad Jos astaling satwal Jogten o U world

In Nigena, the ston o nat & ar theae las camad senows havoe 10 our environment and the

ISCLNE vrg st e dovie o avond its oggurrenge but prior information such

a prediction of foand and Sroaght can asat the Laomen, sabeholden and the general public 1o take
v sy 1=

AdeQuate Proactive measary o order o rulizade e ellects Herge, the result from this model will
provade adeguate sdormation about food and Srought i somg upooming yean for the studied arcas.

v Howewer Littlg e

According 10 NEMA, i 2012 shong, floods caned more than N2.6 tillion in economic damage,
much of which could be sttrdted W large-soale trams boundany floods (from rivers Niger .Ev_
Bonuc) 1o 2019, abourt 120 deaths were reconded, over 48,000 people were displaced and property
worth millions of Nara destroved across the cowtry (Nigeria Hydrological Services Agency,
SO0 The Standard Procpaation Indes (SP1) was mtroduced by McKee ¢of of. (177]) a5 measure
of the procgpitation deficn that » wuguely related 10 probability, It can be calculated for any
socumsdation Wumesoale, usaally from mosthly progipatation obseryations, and is 1y pically expressed

“! v L o

e
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as SPl-n, where n is the number of months of accumulation. The time series is analogous to a
moving average in the sense that a new value is calculated each month m-:_ is auto-correlated to

previous months depending on the accumulation timescale (Singleton, 2012).7

Materials and Method
Birnin Kebbi is the capital city of Kebbi state, is located in north-western Nigeria on (12° 27" N and

11" E).The data used for this research work were obtained from the National Oceanic and
Atmospheric Administration (NOAA) for the period of thirty years (1991 to 2020). After which the
SPI was used to classify the rainfall into states

Model Formulation
Suppose that the SPI rainfall classification for a year is considered as a random variable x, the

collection of these random variables over the years constitute a stochastic process x, , n=0, _h‘u?m.
we assume that this stochastic process satisfies Markov property.

Let the annual rainfall be modelled by a three-state Markov model based on the SPI classification

State 1: Flood (SPI Value >1)
State 2: Normal (-0.99<SPI Value <0.99)
State 3: Drought (SPI Value <-1)

The transition probability matrix is represented by i
NU__ *U_u .NU_“.
P=|Py Pan P (D
Nw: wb w:
Following (Lawal, 2017), let ﬁ;. be the probability state vectors of the Markov chain, where
() sth

n=0,1.2.3,... andlet P be the probability that the annual rainfall is in the i"state at the n™ year.

mua_. the initial state vector of the Markov chain and p™ is the state vector at the n year. Then,

by induction we have that B
we acenme that thic etarhactin nrarace catictiac Marknv mranartyy
(n) (n=1+1) (n=1)
pP"=p"""=p"".p=p" @
On iteration we have,
(n) (0) n
PSR P 3)
. : a1
(n)

That is, the initial state vector \u,s and the transition matrix P determine the state vector P

at the n" year. If we now let

(n) _ n - n n
Nv I_Hw_ wm wug )
Denote the probabilities of finding the annual rainfall in any of the three states at the n™ year and
also let

Nu:: _Hmu_ Nu &Uu“_ &)

Denote the initial state vector and its elements, the Markov chain model for annual rainfall based
on SPI classification in the study area can be represented by

SPSBIC 700
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\U__ \b; \U_u
(Pl Py P=[P Py PPy Pn Pyl ©
P P \u: -

Limiting State Probability

The limiting state probability is represented by equation (7) below and is obtained when n = @ in

equation (3).

7=rnP
wherem = TN._ T \N..JH_

3
EDW A
i=|

These equations will be use to find the limiting state probabilities for our model.

Results and Discussion
Table 1: A Summary of SPI Annual Rainfall Classification of Bernin Kebbi.

SPI classification frequency State

SPI value > | 6 Flood i
-0.99< SPI value<0.99( 18 Near normal

SPI value < -1 6 Drought

From Table 1, we obtained the transition count presented in equation (9)

[2 2 2
c=|4 10 3
0 5 1

The probability transition matrix obtained from equation (9) is presented below

[0.333 0.333 0.333
P=10.235 0.588 0.176
0 0.833 0.167

Calculating mua , on iteration we have

0.189 0.584 0.225]
P=|0216 0571 0211(11)
0.196 0629 0.174)

[0.206 0.585 0.205]
P'=/0205 0.584 0.206|(12)
0207 0.582 0.207 ]

SPSBIC
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0.206 0.583 0.205
P'=[0205 0.583 0.205 |(13)
0.206 0.583 0.206

[0.204 0.577 0.204]
P"=[0204 0577 0.203|(14)
0.203 0.578 0.203 ]

(i

[0.202 0.573  0.202]
P"=/0202 0572 0.202((15)
10.202 0.573 0.202]

[0.199 0.563 0.199]
P =]0.199 0.563 0.199 |(16)
10.199 0.563 0.199]

Limiting State Probabilities
As n increases, N».. gets closer to equation (16) that is, n>50 the transition probabilities stabilise to
equation(16); and from equatioir (3) with the initial state probability vector i
P'=[ 0 o]
0.199 0.563 0.199
P”=P°P"=[1 0 0]|0.199 0.563 0.199
0.199 0.563 0.199

P =[0.199 0563 0.199] (16)

Correcting to one decimal place, we have:

P”=102 06 02]

This is the probability of finding the annual rainfall based on SPI classification fall in any of three
states for large n (1.e n>50)

From equation (3), we obtained the limiting state probability vector that is equation (7).
Thus: m = P (0.2 0.6 0.2)

The interpretation of this result is that, in the long-run 20% of the years during rainy season in
Birnin Kebbi will experience flood, 60% will experience normal rainfall while 20% will
experience drought. As it can be seen from equation (10) (transition probability matrix) a drought
year cannot be followed by a flood year and the probability of a drought to be followed by a
normal year is high while the probability of a normal year to be followed by a drought and a
drought year to be followed by another drought year is extremely small.
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Conclusion

The rainfall pattern of Birnin Kebbi, Kebbi state has been analysed using Markov Chain with the
help of Standardized Precipitation Index (SPI). Results from the research is an important®
information to the government and people of Kebbi state for better understanding of rainfall
dynamics and viable agricultural production.
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