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Abstract

Rainfall and temperature are important requirements ip production. Any variation in the distribution of these
elements have maek influence on the productivity of most crops including zeaiThis study assessed rainfall and
temperature variability on maize production from 1999 to 20816aduna State, Nigeria. Data for this study were
obtained mostly from secondary sources. These data intdogeerature, rainfall and maize production which were
collected from Nigerian Meteorological Agency (NiMet),tdaal Bureau of Statistic (NBS) and the Kaduna State
Agricultural Development Projects (KADP). Results are preskand discussed by the use of mean, mean departures,
regression and correlation. To ascertain the annuad trethe meteorological parameters, a statisticastt-tvas
carried out at the 1 and 5% levels of significance. An asing trend in rainfall and temperature was observed wit
early onset and cessation dates although only tempevedarsignificant at the 1 and 5% level. To ensuréotmity

in the analysis, the average annual yield per 100,000 hefwareach of the years were determined. Thereafter a
multiple linear regression (MLR) model, that include majidd as the dependent variable and the meteorological
parameters, such as annual rainfall, average annual temper@iget and cessation of rainfall as the dependent
variables was developed using least square approach. Itsl sigmidicance was tested using the statistical f-ést
the 1, 5 and 10% levels of significance and found to be gignif On that basis, each of the climatic paramess
tested and temperature and rainfall were found to be isigmifcontributors to maize production. A model for
predicting maize production was then developed and it iyagisant at 95 and 99 % confidence level. The computed
co-efficient of determination and linear correlation were Zglahd 0.86. The study recommends the use of the model
developed to determine maize yield before the productionrsesasas to equip farmers with fore knowledge of the
expected yield and make alternative adjustments were necessar

Keywords: Rainfall; Temperature; Maize Production

1.0 Introduction

Issues relating to changing rainfall patterns are becomifirgreat concern around the world. Reports of storms
ravaging communities have become a recurring decima. Thstdtrg impacts of climate change have gained global
attention. Extreme rainfall events which where otlig® perennial occurrence have become more frequent (Olusegun
et al., D17). What’s more frightening is the rate at which these events are predicted to occur more frequently in the

coming years.
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Nigeria has witnessed significant climate variability vhinas resulted in extreme weather events such as flood that
dislocated socio-economic activities across the cguwrith the agricultural sector worse hit (NiMet, 2018).\Betn

2012 and 2018, there were several reports of flood episodesyegrom higher precipitation amounts and, in some
cases, poor drainages (NiMet, 2018). Increasing flood rislbéas recognised as the most important threat to the

environment and the agricultural sector in Nigeria.

There is a growing concern that over the coming decadethifng is done to reduce greenhouse gas emission, higher
temperatures and changing precipitation levels are es¢gpertd will be unfavourable to crop growth and yield in
many regions and countries of the world including Negé€yiusuf et al., 2008), particularly because of our poor coping
mechanism viz-a-vis the inadequate adaptation and mitigatechanism. Furthermore, there are projections that
crop vield in Africa may fall by 10-20% by 2050 or even up ttoasas 50% due to the impacts of climate change
and or variability. This is so because the agricultuzata in Africa is mainly rain-fed (Jones and Thornton, 2003)
that is mainly dependent of rainfall. One of such crapgpted to be affected is maize. Maize accordingdadlease

by the Food and Agricultural organisation in terms of $ifitgito climatic variables has been ranged in the rarige
highly sensitive crop to moisture. Consequently, anyadiew in rainfall and temperature across production ggise

likely to have a direct impact on the yield of the crop.

Maize is a major staple food in Sub-Saharan Africa, dogerearly 27 million hectares of land and account8&86

of the total area under cereal cultivation in Afrigith 19% in West Africa, 61% in Central Africa, 29% in Easte
Africa and 65% in Southern Africa (FAO, 2010). In Nigeria, maisnds out as one of the most consumed staple
foods, it is relatively cheap, serves a major food, atsteed grain, fodder among other important uses. Iratedel
development, (Diallo et al., 1989) found that the availghilftadequate rainfall is by far the most limitingttadn
maize production in Sub-Saharan Africa. Rainfall is béngmanpredictable, both in timing and volume (Brett, 2009),
areas which were regarded in time past as drier terraibestoming wetter, conversely, wetter areas are hagom
drier (Odekunle et al., 2008, Olusegun et al., 2017). In a repesasesl by the National Emergency Management
Agency (NEMA, 2017), it posited that the agricultural seatoNigeria have suffered great losses resulting from
extreme events such as flood leaving several farm landdated. Generally, there has been observed changes in t
intensity, frequency and duration of rainfall with higtaso-temporal variation across Northern Nigeria (Olusegun et
al., 2017; Oladipo, 1993a).

Recent research has shown that rainfall in the Sudaheli&n region have shown a shift towards wetter periods
(Olusegun et al., 2017), especially after the drought obsamnthe iL970s to recovery period in the 1980s and beyond
the year 2000 whemagnificant rainfall amount were reported around the Sadggbn. Worthy of note is the common
knowledge that maize production in Nigeria particularly in conerabquantity is more predominant over the Sudano-
Sahelian region of which Kaduna State is located. Thexrefotlowing the growing concern particularly in the
observed changes in rainfall onset, cessation dates,iigtend frequency and the high sensitivity of maizexpta

moisture coupled with the fact that maize is a majoplstéood around the country, it becomes imperative to
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understand the rainfall and temperature trend around Kadueaith a view to providing scientific insight on how

to better take advantage of these observed changes te @npuoved productivity. Additionally, there are further
concerns following researches that have proven thatiadogit high-yielding varieties, uniform planting practices
and simultaneous timing of field operations have leftatpecultural sector more subject to the vagaries othveza
especially in developing countries, further works also paoeen that a°C increase in global temperature will lead
to reduced productivity in some cultivated to the tun&786 in maize and Soya beans (Allen 2010 and Thompson,
2005).

Moreover, this study will not only provide insight to tteénfall and temperature pattern in Kaduna State, but will
further improve scientific knowledge by providing modelsvimich farmers can apply to determine likely production
outputs in the production year and possibly encourage farmexgltwre other cultural practices that can be improved

to enhance maize output where applicable.

2.0 Study Area

Kaduna State is located at latitude 28.@&nd longitude 7.45. It shares borders with Zamfara, Katsina, Niger, Kano,
Bauchi and Plateau States (Figure 1). The state occupiesxiepptely 48,473.2 square kilometres and has a
population of more than 6 million people (NPC, 2006). Major svieclude; River Kaduna, River Wonderful
Kafanchan, River Kagom, River Gurara and Galma. Over @D%e population in Kaduna state are engaged in
agricultural production, most of which is dependent onfa#inThe state has two major seasons, the wet andrih

season. Average rainfall is about 1016mm.
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Map of Kaduna State
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Figure 1. Map of Kaduna State
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3.0 Materialsand Methods

Quality controlled data for rainfall and temperatureengbtained from the Nigerian Meteorological Agency fa th
period 1999-2016. Additionally, crop data for maize productvere obtained from the Kaduna State Agricultural
Development projects (KADP) and the National Bureau afiSics for the same period.

The data points were aggregated into their monthly ahskesjuently annual values in order to investigate the trends

therein. Using the following expressions,
monthly rainfall R; = Xi_; Rijy....... , [1]

,Where Rijx istherainfall onthe it"day of the j*" month of the kth year; | =300r31; andi =

1,23.....1;1=300r 31
annual rainfall, R, = X Ry....... [2],
j=1,2,3...1, m=12, an&k=1999,2000...... 2016

The standardized annual precipitation index for this rainfattiution was computed using the equation

Rk_ﬁ

spi(Ry) = =—F—..coenn. [3]

where R, isthe annual rainfall,R and 9( R,) are the mean annual rainfall and standard

deviation respectively and are given by :

(Rk—R)?

R=1/nX}_, Ry, andd( R) = [1/nX}_, g [4]

where k = 1999,2000,2016,0r n = 2016

Similarly, the average daily temperature was computed as

Tk = 1/lzi=1 Tik ....... ” [5]

Wherel = 365 or 366

T, is the average yearly temperature of the kth year; | = 365 or 366. This was then used to compute the
long term yearly average temperature given by
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T =1/m/ 3™ 1061 Tio.... [6],
wherek = 1999,2000 ......2016

The standardized temperature anomaly for each of the 18waarthen computed using the expression

Ti-T

spi(Ty) =

where T, is the average yearly temperature,T and d( T,) are the longterm average

yearly temperature and standard deviation of T, respectively,and are given by :

T=1/n¥l_ T, [8],and 3( T,) = |1/nXn_, Te=D°

k=1"310) ...[9] with k as defined

Trend analysis test was then carried on the annual raamfdlverage annual temperature (through the years 1999-
2016) as computed in [2] and [5] respectively in order to ascertagigihiéicance or otherwise of the trend therein at
the 1, 5 and 10% levels.

The trend test was performed using parametric the gites by the expressioh= X=X .

Furthermore, in order to determine the onset and cessation of rainfall, the following the Walter’s formulation, with

some modifications by Olaniran (1983), and accepted to be higlidiple amongst other methods was employed:
Itis given as
Onset/End = 2= (51— AP)......... [10]
WhereDM = number of days in the month containning the onset
TM = total rainfall for the month in which accumulated rainfall exceeds 51mm
And

AP = accumulated rainfall of previous months just before the month in refrence
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51mm = the threshold of rainfall for both Onset/End month.

However, an important criterion here is that the date chas¢he onset must not be accompanied by 14 consecutive
days of dry spell as this invalidates the definition, thtene such is found to have occurred the next month not

accompanied by up to 14 days of dry spell is considered thedatse

The expression is applied in the reverse order to detertihhé cessation date cumulating the rainfall frieenmhonth

of December towards January.

Additionally, to determine the relationship between magoroduction as the dependent variable and climatic
derivatives such as rainfall, temperature, onset, ¢essand the length of the growing season as the independent
variable, a multiple linear regression model was contgducSubsequently it was tested using f-test and t-test to

ascertain the significance or otherwise:

i. of the relationship tentative, it supported the investigatid establish whether or not the a MLR relationship
exists between the variables in the first place
ii. of each of the independent variables, i.e. onset, o@ssannual rainfall and temperature; this served to

indicate which of the variables contribute significardt not to yield.

The general form of a multiple linear regression maglalrielationship between dependent and independent variables

or between response and predictor variables whiglvésn by:

Vi = BO + ﬁlxil + ﬁzxiz + .- ﬁkxik [11] y

And this was adopted with all the (i = 1,2, ...... n, k is any whole nullber) as the dependent variable and the
B's as the coefficients of the independent variabtgg = 1,2,3,.. k), ordinary least square optimization techniques

can be employed to estimate the coefficients of thigifomc (Ezequiel, 2013).
The process of optimization is given as:

V1
V2

Y=XB...... 11, hereY is the vector X = (xl-]-,i =123..nj=12,.k)
Yn

here X is a vector or matrix of values as already [lefined and
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5\

B is avector of the coefficients given as B=| . |
\i
According to ordinary least squares optimization technifaecoefficients can be estimated as

B=XTX)XTY oo [12],

Now in this research containing the four independent variadfi@®ementioned, by adjusting [12]; that is by

substitutingn = 18 and k = 4 into [10], the tentative model becomes

Vi = Bo + Bixiy + Uaxip + Baxiz + Laxis (i =1,2,...18 years).......... [13]

With x;4, x;5, X;3 and x;, ; As onset, length of growing season Igs, annual teriyperand annual rainfall respectively,
Bi: B2, B3, and B, are their respective coef ficients

Equation 12 was used to estimate the coefficients. Tassdene by using a software model designed in Microsoft
excel into which the methodology (ordinary least squarenggtion technique) for solving the general [eqn10] MLR

model is embedded.

As have been mentioned, having constructed the tenMtifRerelationship, the significance or otherwise @ MLR

relationship as a whole and the individual climatidatales will be tested using f-test or t-test

3.1 Test for the Significance of the Multiple Linear Regression.
The significance or otherwise of the relationship arelittdividual climatic variables were subjected to t-tes

ascertain their significance or otherwise. Under thisestilphatter two types of tests were carried out viz:
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i. Test the significance or otherwise of the multipledinregression as a whole to see if such a relaipns
exists in the first instance

il. Test the individual parameters with a view to asceirigi their significance or otherwise; to help
determine the climatic parameters that would be retam#éukirelationship, if and only if the first test
proves the existence of an MLR relationship.

Now in both cases a null hypothesis was proposed undedtbgibution, and in the first case it is given by
Ho: B, = B3 = B, = B; =0.....; here it states that all the coefficients are equal to zero

Hi: B; #0 (j = 1,2, 3, 4); at least there exists one a coefficientithabt equal to zero.

Ho: By =0, wherek=1o0r2or3or4

Hi B #0(k=1o0r2 or 3 or 4)

According to this procedure, a statistic known as Femtisimply F-statistic would be computed. This statistaiso
an independent random variable and is given &&4ih Similarly, in the case of $48, = 0, the statistic can also be

considered to have a t-distribution, thus the significafi@ach of the parameters was tested under t-test.

F — (RZZIR_RIZQ)/q [14a]

T 1-Rpp
_ Bk -0
t=Fs0 . [140]

wherehere 8, and B, are the individual
parameters and their associated standard errors respectillely
When the f-ratio was computed it was then compareditsittritical value corresponding to

Fqg,n-k. With n as the sample size or number of datagoanttich is 18 in this study, q is the number of degrees of
freedom associated the numerator of eqnl4 while (n-keimtimber of degrees of freedom corresponding to the
denominator. Furthermore, k is the number of parameters inrtrestricted model, while q is simply the number of
parameters whose significance or otherwise at thedgest point, the study seeks to ascertain at the 1%n8%0%6
level of significance. & is the R-square associated with the model in its origimal fo the tentative model and it

is termed unrestricted, UR, whileRs the R-square corresponding to the model in whicledhéitions in the null
hypothesis have been imposed, and is thus termedctedirAt a significant level of 1% and 5% the computed F-
statistic statistic is compared with its critical valaad if found to be less than this critical value the nyfidthesis
would not be rejected and it would be concluded that the cigeffiis not significant at the 10, 5 and 1% level of

significance., if otherwise it would be concluded thatdbefficients are significant at the 1 Or 5% level.
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The test for the individual coefficient is similar egten this case we would be carrying out the test taking the
coefficients one at a time. Similarly, the t-stati$taving been computed using eqnl14b, its values is comfraitsd
critical value with (n-1) degrees of freedom at the5L8nd 1% level of significance.

3.2 Test for the Significance of the M ultiple Linear Regression Using p- values

The level of significance of each of the climatic pargrsecan also be ascertained using their respectivieigsvaA
p-value is simply the lowest level of significance &ficli a null hypothesis can be rejected. The p valuevegiably
associated with the sample, which is why a sampledibs trawn before it is computed. The p-value can also be
defined as the probability, given that the null hypothtesis, of obtaining a result equal to or more extreme threat w
was actually observe. In other words, it is the proldghifiat the statistic under investigation is equal tonore
extreme than what was actually observed. It is alseritieal or exact probability of making a type | error pgyl

error is the error made by rejecting the null hypothesisnwit is true. Thus, whenever the p-value associated to
parameter under investigation is higher than the imposetidésignificance, the null hypothesis can be rejeated,
more particularly in this study we can then conclude thagtdhn@meter is significant. If the p-value is howeyeater

than the level of significance, the null hypothesis chaive rejected.
3.3 Coefficient of Determination of Multiple Linear Regression M odel

A very good indicator of the performance of a model imdex called the co-efficient of determination. According
to Wikipedia on the subjected matter, last edited dhae®larch, 2018, the co-efficient of determination isaistical

index that computes and quantifies the amount of variatitime values of a variable or parametdf, () that can be

explained by output or forecast, often times generated &amodel (Y; ), intended to mimic the values and

variations of the parameter. Mathematically it cadm@puted with the expression:

Z(ymodel _9)2
R2 _i=l

i(yi )2

In relation to the study, it can simply be describechasamount of variation in the actual maize productiathimv
the period under reviewi(= 1999,2000, ....2016), explained or replicated by the model using only the sagmif
parameters. Additionally, having determined the modepfedicting maize, a correlation analysis was carriedmut
ascertain the significance of the linear relation$ieipveen actual production figures and forecast. The equsiien

presented thus;
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r — Yi ympdel _ Yi Ymodel ‘
Ymodel \/ 2 2 2 T2 e e oo [16]
Yi =Y )7 \Ymode — Y moce
With y; as the actual maize production, aljyg,,qe @s the MLR model for the forecast producti(fn;,:ymo gel IS the

coefficient of correlation between maize production dredctimatic parameters.

The standard error that is likely to result from usirgg\tiL.R model to determine or forecast yield was computbd. T
standard error is simply the error that could result fromguhe model to forecast yield for any given year. This

why the formula for its computation is expressed as:

(y| ymodell)2
\/Z -2 e [17]

i=1

Yimodeli iS the output from the model , Y, is the actual output,

i=1,,23,....18 corresponding to years 1999 to 2016

4.0 RESULTSAND DISCUSSION

4.1 Temperature and Rainfall Trend/Variability over Kaduna State

4.1.1 Temperature Variation in Kaduna State

The temperature distribution during the period of study ésqmted in figure 2. Between 1999 and 2016, there has
been progressive increase in temperature values in Eegtate. Lowest average maximum temperature values were
observed in 2001 and 2007 respectively, with a mean value diC3Wwhile highest observed air temperature of
33.0°C was recorded in 2016. Average air temperature for the peeed3%/2C. The results revealed that on the
average per decade, an increase of°C3f temperature was recorded in the study area. Theiceffof inter-
annual temperature distribution over Kaduna was found 18%&d-itted to a linear trend line, an increasing trend was
observed in the study area.
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Figure 2: Temporal Distribution of air temperature over Kadunte Starce: Research Data

4.1.2 Temperature Departurein Kaduna State

The temperature anomaly over Kaduna state is highlighteguref3. Overall, the net inter-annual variability in air
temperature from 1999-2016, as shown by the trend linefouasl to exhibit a significant upward trend at the 5%
level of significant under t-test, with a calculated valti2.6234. Additionally, the temperature departure showed a
significant upward trend during the period under revieesetfindings are also supported by the pattern observed in
the annual temperature departure plot on figure 3. Heranibeaobserved that temporal temperature distribution
showed a decrease between 1999 and 2001 with values eEbet/5 and -1.8 respectively. However, between 2002
and 2006, an increase in temperature was observed in &ehate. During the period 1999-2016, the highest
observed difference was in 2016 with an anomaly of +Z38ith lowest deviation of -1.7& observed in 2001. The
observed difference in the temperature deviation for 201énwialye unconnected to the observed high temperatures
recorded in 2016 which the World Meteorological Organisa(WMO) adjourned to be the hottest year in record
since pre-industrial era. This is also supported by the reglegsed by NiMet in 2016 where higher than normal
temperatures were reported across the country with episbtieat waves. Some of these observed differences may

not be unconnected to climate change and or variab#i#tylting from increased anthropogenic activities.
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Figure 3: Annual Mean Air Temperature Departure over Kaduna Stat

Source: Research Data

4.1.3 Rainfall Distribution over Kaduna State

The annual distribution of rainfall is shown on figurevhere there is a progressive increase in rainfadienduring

the period of study, although between 2005 and 2008, a sligmeleas observed. Rainfall amount ranged between
lowest value of 793.4mm in 2008, and highest value of 1658.9mm in RQdidg the period, average annual rainfall
amount was 1279.4mm. There was a high coefficient of Brieual variation of about 21%. This observation is
supported by those of Ayansina et al., (2009) who investigaasonal rainfall variability in the Guinea Savannah
part of Nigeria and found that there was an increasainifall variability in the zone which he attributed towdite

change. The observed rainfall pattern during the period genienglies that rainfall is not stable and this m&gly

have implications on yearly maize crop production in the state.
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Figure 4: Temporal Distribution of Rainfall over Kaduna State

WWw.ijrp.org



Aganbi Blessing / International Journal of Research Publications (IJRP.ORG) @ JRP ORG

1SSN: 2708-3578 (O i ne)

320

Source: Research Data

4.1.3 Distribution of Rainfall Departurein Kaduna State

The standardized precipitation index between 1999-2016 issindigure 5. Rainfall distribution over Kaduna state
for the period showed an increase in rainfall amount kEtwi©99 and 2003, after which below normal rainfall
amounts were observed between 2005 and 2008. Rainfall ansbomis some recovery between 2009 and 2016 with
positive anomaly observed during the period. Over all, thaseawnarginal increase in rainfall though not statigfica
significant (1.4499) with a high inter annual variability bbat 21%. These observations are in line with the study
undertaken by Kandji et al., (2006) where he found a strongiearend an irregular pattern of rainfall over northern
Nigeria. Additionally, Oladipo (1993a); and FRN (2000), also recoadbatgh spatio-temporal variation in rainfall
with an inter-annual variability of between 15 and 20% oweethern Nigeria. These observations are also supported
by those of Aremu et al., (2017), who also noticed an &serén rainfall over Kaduna, although not statistically
significant. By this inference, rainfall amount magt differ much and so farmers are expected to maximise the

growing season in other to optimise productivity otheevgignificant increase in production may not be ackieve

Standardized Precipitation Index
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—zﬂ T T T T T T T T
A e A
ﬁ-&“#@@&“cﬁa&“&%@,ﬁ;ﬁ& 2 ShSS

Years

Figure 5: Standardized Precipitation Index for Kaduna State

Source: Research Data

4.2 Deter mination of the Onset, Cessation and L ength of the Growing Season (L GS) and their Departure
from the Average
4.2.1 Onset Date
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The onset dates in Kaduna State for the period under stptdgdented on Table 1. The lowest and latest onsst dat
are observed to have occurred on theMfarch, 2016 and 13of May, 2006 respectively. Subjected to statistical test
the departure in onset dates in Kaduna is found to betistdtisnot significant at the 1% and 5% levels as show
table 2. The implication is that earlier onset datagtbeen, more or less, observed as supported in thtedapsrture

plot on figure 6, especially in 2016 with the earliest onlsde. These findings are supported by reports from the
Nigerian Meteorological Agency NiMet in its annual Semddrainfall Prediction (NiMt, 2018 where it revealed
that onset dates have become earlier than normatiathpén recent years. Fitted to a linear trend Jliaelownward
trend in onset dates can be observed. Since the onsetcdate earlier, farmers are advised to commence farming
activities once onset is established and should mgieirement from traditional practice if any meaningfdrease

in maize productivity is to be achieved.

onset-Departure
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Figure 6: Onset Deviation for the period 1999-2016

Source: Research Data

4.2.2 Cessation Date

The cessation dates for rainfall in Kaduna is presemtetiable 2. On the average, although there has besgeh

in the cessation dates over Kaduna, these changeslbavetbeen statistically significant (at the 1 and|&dgls)
based on the results of the statistical trend testaosin on Table 2. However, in the last years (2014-2016 itz
been early cessation of the rains. This implies thatfalhicessation date is otherwise earlier experienced,

consequently, farmers are to take note and adjust farm maeageractices accordingly.

An analysis of the departure in cessation dates asmeekin figure 7 shows cases of early cessation whrepared

to the average cessation dates. The plots revealedposite nature of both early cessation and late cessattome
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cases with latest figures revealing an early cessatitireghins. This is also supported by reports from tideilon
early cessation of the rains in parts of Nigeria (NiMéin@te Review, 2017). The dates for cessation are vitigatr

to determining the length of the growing season andapleey role in determining the types of crops produced during
the season. As with the onset dates, when fittedttena line, a downward slope is observed especialiygldine
latter years of the study (2013-2016).

Cessation-Departure

ey

Years

1.0

0.5

0.0

—0.5

Cessation Departure

=—1.0

Figure 7: Cessation dates deviation for the period 1999-2016

Source: Research Data

4.2.3 Length of the Growing Season (L.G.S)

The result presented on table 1, shows that there sgnidicant change at the 1%, 5% and 10% level in thelengt
of the growing season (LGS) during the period under reditawever, a plot of the departure in the length of the
growing season (LGS) as shown in figure 8, revealed th2B0i, 2004, 2007 and 2008, a remarkable decrease in
LGS was observed, while in 2002, 2003, 2005, and 2014, an inineb&S was observed. On the average, LGS
was about One Hundred and Sixty days (160) during the period unisv.rev
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Figure 8: Length of the Growing Season Deviation for the period 2096-
The results for test for significance of the onsessation and length of the growing season and theiatsbdates

are presented in the Table 1 and 2 respectively.

Table 1: Onset, Cessation and Length of the Growing Season

Length of the growing

Y ear Onset Cessation season (days per year)
1999 39 May 14" October 167
2000 7" May 9™ October 164
2001 19 April) 26™ September 138
2002 14 April 17" October 183
2003 20 April 09" October 196
2004 4" May 28" September 119
2005  1st May 4% October 183
2006 13" May 13" October 158
2007 30 April 21t September 137
2008 8" May 27" September 118
2009 20" April 22" October 149
2010 11" May 20" October 153
2011  26M April 12" October 169
2012 25" April 19" October 162
2013 18t April 29" September 153
2014 14" April 29" September 191
2015 6" May 13" October 165
2016 17" May 29" September 171

Source: Research data.
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Table 2 Test of Significance of Anomalies of Climatic Paranse

Test tcCritical value at teCritical value at t - calculated value Remarks
5% 1%

Rainfall 2.1098 2.8982 1.4499 NSS

Onset 2.1098 2.8982 1.2008 NSS

Cessation 2.1098 2.8982 1.2544 NSS

LGS 2.1098 2.8982 0.290144 NSS

Temperature 2.1098 2.8982 2.6234 SSat 5%

NSS** No statistically significant increasg 1 and 5%, SS** statistically
significant increase Noté#: t; is greater than t, the changeni® significant.

Source: Research data.

4.4 The Relationship between Maize Production and the Climatic Parameters: The M ultiple Linear

Regression (MLR) Model

In this section the results of the multiple linear regi@n were derived involving maize yield as the independent
variable and rainfall, temperature (temp), length of groweasen (Igs) and the onset, all as independent variables.
To ascertain the level of significance of the contitng of each of these climatic parameters to yield;-#est was
carried out at different levels of significance. The npldtiinear regression model involving the four variabmaly

Rainfall, Temperature, Onset and the Length of the ®Bigp8eason, derived according to the approach adopted is:
yi = —4519438.36 — 1804.89xi1 — 1735.94xi2 + 196420.04xi3 — 469.71xi4 ... [18]

wherei is from 1 to 18i.e (1999 — 2016),xil represents onset,x[12, length of growing season (Igs),

xi3 temperature and xi4 anual rainfall, while yi represents maize yield
respectively.

Thus, the coefficients in eqnl3 have been determined usintpast squares approach clearly outlined by eqnl2.
However, it must be ascertained if the model is sigmifiess to warrant concluding that it exists in the firsicpl
This was done by testing the significance of all theupaters across significant levels 0.1, 0.05, and 0.01.

441 Significance of the M ultiple Linear Regression model

Significance of the whole MLR model was carried out tredsin if a linear relationship exists between tietdyand
the other climatic parameters in the first placeisTwas carried out following the approach by Ezequiel Uriel
(Universidad de Valencia Version: 09-2013) as outlined acuptd eqni4.

Following egn14, the computed f-ratio was found to be 9.358¢wid critical value of the f-ratio was found to be
3.17 at 4 degrees of freedom for the numerator, and 13 degfréeedom for the denominator and at 5% level of
significance; the number of data points n, is 18. Aqpuidy, the computed f-ratio (9.358) is greater than its critical
value (3.17)ndicating that the model is significant at 5% level of digance. The significance of the model was
also tested at 1% and 10% both of which agreed that the iis&ighificant. Thus, at all levels of significance (1%,
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5% and 10%) the f-test clearly demonstrated that the modigrigicant, in other words a linear relationship exists
between maize yield and the four climatic variabldssTs also backed by the associated p value (0.09%), which i
less than all the highlighted levels of significance, iating that the null hypothesis {Hwhich states there is no
relationship between maize and the climatic vargblean be rejected. However, the level of signifieasfeeach of
these variables needs to be determined in order tot@isctre degree of their individual contributions to theddyi
relative to each other.

442  Significance of the Individual Parameters

To ascertain the significance or otherwise of theviddial parameters in eqnl8, the parameters were subjected to
and t-test. The results are presented in tabléaBd 8-10. The results presented in the tables weredemploying

two techniques to test for the significance of the patarsaé the model (eqn18). Both of the techniques are parametri
involving f-ratio, t-ratio and p values, and the study nangd the hypothesis aforementioned in chapter threeeln t
first instance the parameters of the model weredesie after the other. For instance, in the testhersignificance

of temperature, three of the other parameters weraeet&i the model, thus at any given test point regardlabe of
parameter in question, three of the others were retairtté model. This approach generated the results in tbles
—4).

Under this scenario, at the significant levels 1%, 5% afd, 1e f-ratio or f-statistic was computed from eqnl4a,
and then compared with its critical value at g degréé®edom in the numerator of the expression (eqnl4a) and n-
k degrees of freedom in the denominator. This approackegtbat the onset and length of the growing season (LGS)

are not significant at all the three chosen leveligiificance (table 3 and 4).

Table 3: critical values for f-statistic at n-k andeprees of freedom (df) For the climatic parameters

Degr ees of freedom(df) Critical valuesfor f-statistic at:
Parameter q -k 1% 5% 10%
ONSET (xil) 1 17 9.07 4.67 3.14
LGS (xi2) 1 17 9.07 4.67 3.14
RAINFALL 1 17 9.07 4.67 3.14
(xi3)
TEMP (xi4) 1 17 9.07 4.67 3.14
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Table 4: computed f-statistic for the climatic parametéhns degrees of freedom (df) is the same as in table

Computed f - Inter pretation of results at:
Parameter statistic 1% 5% 10%
Onset (xi1) 1.13 NS NS NS
LGS (xi2) 2.525 NS NS NS
Rainfall (xi3) 24.178 S S S
Temp (xi4) 5.985 NS S S

The degreesf freedom (df)is the sameasin Table 4: S representSignificant”, and NS
“Notsignificant”

Furthermore, rainfall and temperature (temp), proved todefiseint at almost all the three significant levelseptc
at 1%, where, as it turns out, temperature is not gignif. These findings are supported by the work of Ifabiya|.
(2011) were they found a corresponding relationship betweenlf@infaunts and yield in Kwara State. Akintola
(1983) and Ado (2005) observed a corresponding relationshipéetaimfall and maize production.

The associated p values presented in table 4.3c cleadg ®aifh these results. Similarly, under t-test, theltesire
clearly in agreement with those above.

Table 5 p-values for the climatic parameters

Par ameter P values under f- Inter pretations of p valuesin relation to significant levels:
distribution (%) 1% 5% 10%

Onset (xil) 30.72 NS NS NS

LGS (xi2) 13.61 NS NS NS

Rainfall (xi3) 0.03 S S S

TEMP (xi4) 2.94 NS S S

Table 6 : critical values for t-statistic at n-1 degreffseedom (df)

Degrees of freedom Critical valuesfor t-statistic
Parameter n-1 1% 5% 10%
Onset (xil) 17 9.07 4.67 3.14
LGS (xi2) 17 9.07 4.67 3.14
Rainfall (xi3) 17 9.07 4.67 3.14
Temp (xi4) 17 9.07 4.67 3.14
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Table 7: computed t-statistic for the climatic parameteegrees of freedom is the same as in Table (6)

Computed t — ___ Interpretation of results at:
Par ameter v 1% 5% 10%
Onset (xil) 1.2508 NS NS NS
LGS (xi2) 1.8696 NS NS S
Rainfall (xi3) 5.7859 S S S
Temp (xi4) 2.8786 NS S S

S represent$Significant”, andNS “Not significant”.

Under the second approach presented in tables 8 and patameters were tested simultaneously for significance,
thus retaining the two other parameters in the equatiohidway, and again, only rainfall and temperature proved
significant at the 10% and 5% levels of significanceaurthe f-test (table 8 and 9). The associated p-valussrjiesl

in table 10 are also clearly in agreement with théservations.

Table 8. Critical f-statistic for the climatic parameatat q and n-k df

Degrees of Critical valuesfor f-statistic at:
Par ameter freedom
q rl1< 1% 5% 10%
Onset& 2 13 6.70 3.81 2.76
LGS
Temp anc 2 13 6.70 3.81 2.76
rainfall

Table 9. Computed f-statistic for the climatic parameteis shme as in Table 8.

Inter pretation of results

Parameter Computed f -

at:

1% 5% 10%
Onset anc 1.75ENS NS NS
LGS
Temp and 144 S S S
rainfall
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Table 10: P values for the climatic parameters and ire&apon of the results.

P values Inter pretations of p valuesin relation to
Parameter under t- significant level at:

distribution 1% 5% 10%

(%)
ONSET 21.5 NS NS NS
and LGS
TEMP anc 0.05 NS S S
Rainfall

The three different parametric tests carried out followivegtivo approaches found that only rainfall and temperature
as climatic parameters could reasonably affect maize pioduo about 74% of the time, and thus can be retained as

the only climatic parameters in the model. And so theltirg equation becomes
yi = —4571259.626 — 445.836xi1 + 227234.129xi2 ... ... ... [19]
Here,xil and xi2 reprsents rainfall and temperature respectively, yi is maize yield,i = 1to 18

4.5 TheMultiple Linear Regression Model for Predicting M aize Production
Having demonstrated that the model and some of itsté&ssrmponents exists using statistical tests, the hveale
then validated or evaluated in order to ascertain its levpedbrmance vis-a-vis how it is able to replicateuak

yield using only rainfall and temperature as the inputs.

Using eqn19 and with ¥; ., as modelled maize productiom eqn18, it was found that the coefficient of

determination of the model is 0.742 or 74%. This impliesdkat 70% of the actual variations in maize production
(within the period under review, 1999-2016), can be explained byitiRemodel, the model for maize prediction is

therefore given as
yi = —3758856.21 + 156743.46xi1 — 443.79xi2 ..... [20]

Herexil and xi2 represents rainfall and temperature respectively, yi is maize yield,i = 1to 18 with

rainfall and temperature as inputs.

Additionally, the standard error based on the Table 1lcaaputed usinggn17 and found to be 0.80&mplying
that the amount of error that is likely to result fromngsthe model dgn18b) to forecast maize production (per
100,000 of hectares) in any year is within the interval 0.BOBhermore, the 95% confidence interval margin using
this value is £1.96 x 0.805 = +1.6. Thus the 95% confidence interval for yield in any givearyisy,,.oqeii - 1.6.
This implies that for any given year, there is 95% priiplihe yield generated from this model is within the

intervaly,,oge1i  1.6.
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The coefficients of correlation were also computed ftabte 11 and found to be 0.86. This indicates that the degree
of the linear relationship between maize yield, on the lvand, and temperature and rainfall on the other, is thus
guantified as 0.86. The year 2017 and 2018 were used as fotdbpyenerate a forecast for the aforementioned year

and the forecast generated is presented therein.

Table 11: Actual and Forecast Maize Production from 1999-2016 M&iRgViodel

The resultsare presented per 100,000 hectares.

Y ear Actual maizeyield (Y1) porecaqt maizeyield (Yimodel
)
1999 7.0 6.6
2000 55 6.6
2001 55 7.2
2002 55 6.4
2003 55 4.8
2004 6.4 7.2
2005 8.7 8.8
2006 9.0 9.3
2007 9.7 8.4
2008 9.9 9.3
2009 10.1 7.7
2010 8.0 7.4
2011 7.2 7.4
2012 7.2 5.9
2013 7.9 5.9
2014 6.2 6.1
2015 6.2 5.9
2016 6.4 7.3
2017 8.6 7.1
2018 - 8.3

The results are presented per 100,000 ha.
5.0 Conclusion

The data points were aggregated into their monthly ahsesjuently annual values in order to investigate the trends
therein. The standardized annual precipitation index ferr#tinfall distribution and temperature departure was
computed. There was a slight increase in annual rainfall aigh#icant increase in average annual temperature
during the period covered by this study in Kaduna State. &bamhount ranged between lowest value of 793.4mm
in 2008 and highest value of 1658.9mm in 2014. During the periochgerannual rainfall amount was 1279.4mm.
There was a high coefficient of inter annual variattbabout 21% during the period of study. Over all, there was a
marginal increase in rainfall amount though not diasiby significant (1.4499)The t-test carried out showed that
there was an increase in annual rainfall and annual averageetature with the latter significant at the 1 and 5%

levels (this corresponds to a calculated t value of 2.6284)t@mperature departure from the normal showed that in
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2016, the highest positive departure was observed with an gnof&.3PC while the least deviation was in 2001
with an observed departure of -1°C5 The onset and cessation of rainfall was determined following the Walter’s
formulation, with some modifications by Olaniran (1983) andas observed that the lowest and latest onset dates
observed in Kaduna State was on th# March, 2016 and 13of May, 2006 respectively. Subjected to statistical
test, the departure in onset dates in Kaduna was found hetdignificant at the 1% and 5% level of significance.
The departure in the onset dates showed that thereebahbrly onset of the rains in the state. Similaglsults of

the cessation dates showed cases of early cessationcompared to the average cessation dates. Analysig of th
length of the growing season revealed that in 2001, 2004, 2@D20Q08, a remarkable decrease in LGS were
observed, while in 2002, 2003, 2005, and 2014, an increase in LG®lgerved. On the average, LGS was about
One Hundred and Sixty days (160) during the period under rediewultiple regression analysis carried out to
ascertain the relationship between maize productidrtt@ymeteorological parameters, namely temperature, ltainfa
and onset, showed a coefficient determination of 0.742. Budtirg equation was then derived. Additionally, the
significance of the whole multiple linear regression Rjlmodel was carried out to ascertain if a linear reiatigp
exists between the yield and the other climatic pararsén the first place. The computed f-ratio was founteto
9.358, while the critical value of the f-ratio was founde 3.17. Apparent] the computed f-ratio (9.358) is greater
than its critical value (3.17) indicating that the moddigmificant at 5% level of significance. The significa of

the model was also tested at 1% and 10% both of whickdgnat the model is significant. Thus, in other words, a
linear relationship exists between maize yield anddheclimatic variables. This is also backed by trepeisted p
value (0.09%) which is less than all the highlighted levels gififitance, indicating that the null hypothesis,(H

which states the “MLR model is not significant /the coefficients of the model are not significant”), can be rejected.

The level of significance of the individual parametergenthen tested to ascertain which one of the climatic
parameters contribute to maize production using thetFatebt-test at the 1%, 5% and 10%, level of significance.
This approach proved that the onset dates and lendtie gifowing season (LGS) are not significant at althinee
chosen levels of significance. However, rainfall amouicttemperature were shown to be significant contribuiors
maize production at almost all the three significantlteescept at 1%, where, as it turns out, temperature is not
significant. On the basis of the aforementioned, dehfor predicting maize production with temperature airdath

as the major input was developed. Similarly, the coefficbf determination of the model was found to be 0.67 or
67%. This implies that over 65% of the actual variationmaize production (within the period under review, 1999-

2016), can be explained by the MLR model using only temperatuteainfall as the input parameters.

The study concludes that there has been an increasimyitreainfall and temperature observed in Kaduna State.
Rainfall amount ranged between lowest value of 793.4mm in 200&ighest value of 1658.9mm in 2014, with an
inter annual coefficient of variability of 21%. The sifigance of trend for temperature reveals a significant ugpwar
trend at the 1 and 5% levels (2.6234). Early onset asghtien dates were observed during the period covered. An
analysis of the regression model using f-test to tessifjnificance of each of the variables revealedyaifstant
relationship between rainfall amount and temperature mvdfze production. The results also show that rainfall an
temperature amounts have the strongest influence on nmathécion in the study area.
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