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ABSTRACT

Drought is caused by a deficiency in precipitation for a period of time. This may cause widespread
crop failure, death of livestock, water shortages, famine and other hardships that may result in the
loss of human lives and this is an inherent characteristic of Africa. The aim of this study was to
assess drought incidence in Kano metropolis and its impacts on agricultural production. The data
utilised for this study ing¢luded; rainfall and temperature data as from 1981 to 2014 for Kano
metropolis which was sourced from the Nigerian Meteorological Agency (NIMET) and groundnut,
sorghum and millet yield data as from 1996 to 2013 for Kano metropolis which was sourced from
Kano State Agricultural Development Agency (KNARDA). To derive the climatic trend of rainfall
and temperature, as well as the identification of the drought years, the Standardized Precipitation
Index (SPI) was used and this clearly showed the irregular trend of rainfall, as well as the drought
years. For the crop yield trend, a simple polygon was used, where the mean annual yield of each
crop was computed and the polygon was plotted for the various years under concern. The results
indicates that there is very strong positive relationship between climatic parameters and the crop
yield. The multiple regression model summary for each of the crops study gave coefficient of
determination-square as 0.71, 0.90 and 0.97 respectively indicating a strong positive correlation
between the climatic elements and crop yield. This implies that about 71%, 90% and 97% of any
changes in groundnut, sorghum and millet yields respectively was accounted for by rainfall and
temperature. The study recommended early drought monitoring and warning systems for the study
area. There should be regular awareness and enlightenment campaigns to the general public on the’
causes of drought as well as coping mechanisms to drought events.
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1. Introduction
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ght, in all its forms, is injurious to the wellbeing of the people and h

ts thamest common of all the drought types in Nigeria and represents the most chlﬂmmmm
and forecast owing to its case of occurrence. The 1969-1973 drought remains topical because it
had a serious impact on the agriculture sector in Nigeria (Usman, 2000). The aim of this study was

to assess the incidence of drought in Kano metropolis as well as its impacts on agricultural
production.

2. Study Area

The study domain is Kano metropolis, Kano State Nigeria, located between latitude 11°55' N
and 12°3'N and longitude 8°27'E and 8°36'F. of the Greenwich meridian, with an elevation of 1549
feet above sea level. Kano metropolis is a conurbation of cight Local Government Areas around
the main city which includes; Dala, Fagge, Kano Municipal, Nassarawa, Tarauni, Kumbotso,
Gwale and Ungogo. Kano metropolis registered a population ot approximately 10 million people
in the year 2006 National Population Census (National Population Commission [NPC], 2006)

The city is the trade nerve center of West Africa and a major industrial center of Northern
Nigeria. Figure 1 shows the administrative boundary of Kano state and the Kano metropolis. The
state is bordered by Jigawa State in the north-cast, Katsina State in the north-west, Bauchi in the
south-east and Kaduna State is on the south-western boundary.
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Figure 1: The Study Area (Kano metropolis, Kano State, Nigeria).

Source: Hexagon Geospatial Technology Limited (2016).
Literature Review

Usman and Abdulkadir (2014) reviewed an experiment in intra-seasonal agricultural drought

monitoring and early warning in the Sudano- Sahelian Belt of Nigeria. The study revealed that the

| highly variable rainfall and recurring drought in dry sub-humid and semi-arid regions constitute a

g i sggio-eoonomw problem partly because it is the most challenging to track and forecast

g @mmﬂfo rence and impact on socio-economic sustainability. The study proposes
yring and early warning methodology based on

rainfall monitoring index determined for cach pe
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ma' the rainfall regime early enough to enable mitigation especially during its onset
phase is capable of revealing danger signals in the rainfall regime carly enough to enable
mitigations. Such mitigations are critical for the management of agricultural productivity in the
predominantly rainfall-dependent farming systems in the Sudano-Sahelian zones (Usman and
Abdulkadir, 2014).

Abaje er al. (2013), studied the implications of drought for agricultural and water resources
development in the Sudano-sahelian ecological zone of Nigeria using rainfall data spanning a
period of 60 years (1949-2008) for eight meteorological stations in the zone. The normalised
rainfall index was used in depicting periods of different (meteorological) drought intensities in the
region. The results revealed that the zone was characterized by larger extent droughts since the
beginning of 1968 through the early 1970’s and then the 1980’s in which the drought was more
severe than any other decade in the study period. The late 1990’s and the 2000’s on the other hand
have been witnessing a decrease in the number of drought occurrences in the zone. The mean
absolute probability of mild, moderate and severe droughts for the zone was 0.13 (recurrence
interval of 7.7 years) and 0.11 (recurrence of 9.1years) and 0.08 (recurrence interval of 12.5 years).
The findings revealed that this zone is generally replete with severe and prolonged droughts events
and did not start simultaneously in the whole of the region. It started in the northern part of West

African Sahel in 1968 and retreated southwards until 1973 when the whole study area was affected
by droughts. The findings further revealed that the decade (1980-1989) witnessed the persistence

of drought in the zone. The late 1990’s and the 2000’s on the other hand have been witnessing
~ decrease in the number of drought occurrences in the zone (Abaje ez al., 2013).
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Figure 2: Rainfall trend of Kano metropolis (1984 — 2014)

The Standardised Precipitation Index (SPI) calculation used in Table | was based on the long-term
precipitation record for a desired period. This long-term record is fitted to a probability
distribution, which is then transformed into a normal distribution so that the mean SPI for the
location and desired period is zero (Edwards and McKee, 1997). Positive SPI values indicate
greater than median precipitation, and negative values indicate less than median precipitation and
similarly for temperature. Because the SPI is normalised, wetter and drier climates can be
represented in the same way, and wet periods can also be monitored using the SPIL. Figure 3 thus
presents the standardised rainfall trend over the study area.

Table 1: Wet, Dry and Extreme Rainfall Occurrences over Kano (Based on Standardised
Precipitation Index

Range Meaning Number of occurrence

Near normal
Moderately wet years
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ion iﬁt@t&i precipitation. 18 different years out of the 31 years (1 984 — 2914) Sl

1derat ion in this study had near normal precipitation distribution. It was also observed

m &e first ten years of the study period experienced more drought years which is in line with

available evidence on the nature of rainfall variability in northern Nigeria which suggests that

single overall mean periodicity is not observed. Rather, rainfall is primarily characterized by a

multiple, non-symmetric cycle of anomalies with varying magnitudes. These observations

confirmed earlier findings by Bunting et al. (1976). The cycles vary from 3 to 5 years in some
locations, and from 10, 20, and 30 to 40 years in others (Kalu, 1987).
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Figure 3: Standardised Rainfall Trend over the study area

Figure 4 depicts the mean temperature trend of Kano metropolis from 1984 — 2014. The mean
re trend of Kano metropolis for the past thirty one (31) years shows that temperature has

’ MWy variable (fluctuating and irregular) which was also confirmed by many of the residents.
. owest annual mean temperature was recorded in the year 1989 with an average value @f
est annual mean temperature was recorded in the ye&ts of 200 1201
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Figure 4 Moo Temperature Trend of Kano Metropolis (1984 - 2014)
Figere $ dopicts the standardisod lemperature anomaly for the study area from the year 1984 -
2014 with 11 years having negative temperature anomalics (1984, 1985, 1988, 1989, 1991, 1992,
P, 2002, 2004, 2008 and 2014), while the remainder of

The temporature as 3 major climatic vanable is also used in defining drought and can
be chassifiod in the same way with as the rainfall was classed using the drought index in table 2.

The wable shows hot, cold, and cxtremc lemperature occurrences for the study area from 1984 —
014

the |8 years have positive temperature
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Station Kanmo

Range Meaning Number of occurren e s
Near normal 17 7 e
Moderately hot years 02
Moderately cool years 05
b Very hot years 02
0 1.49 Very cold years 03
' Extremely hot 01
Extremely cold 01

- From figure 5 and table 2, the analysis of the drought index using SPI gives the same result as that
B ﬁframfall except for 1989 which is characterized as an extremely cold year as interpreted in table

o
. ‘

l’-*‘ 6 shows the millet, sorghum and groundnut yield trend in tons per hectare from 1996 —

‘ - 2013. From the figure, the trend was an irregular one for all the three crops under consideration.

%e yield trend was a mixture of increasing (upward) and decreasing (downward) trends.
“Mou@, sorghum appears to have recorded the highest yield during the time under consideration,
' owed by millet and then groundnut. '

Scanned with CamScanner



=

et yield intons per

"7 hacter A T
hacter

undnut yield in tons per

0102
100

LA
€102~

Figure 6: Millet, Sorghum and Groundnut yield trend in tons per hectare from 1996 — 2013

The effects of climatic drought was evaluated using multiple linear regression. The multiple

regression model summary from tables 3, 4, and 5 for each of the crops under study (groundnut,

sorghum and millet) gave coefficient of determination, R- square as 0.71, 0.90 and 0.97

respectively indicating a strong positive correlation between the climatic elements and crop yield.

These implies that about 71%, 90% and 97% of any change in groundnut, sorghum and millet

respectively is accounted for by climatic variables while the remaining percentages are explained

by other factors that influence crop production. The result have revealed that climatic variables

have more effect on crop production in the study area than any other factor.

Table 3: Multiple Regression Model for Groundnut Yield

Model

Unstandardized Standardize |T Sig. 95.0%  Confidence
Coefficients d Interval for B
Coefficients e
Beta Lower oo
Bound
365 |.720 [-21.008
-.152
1-.077
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[ Standardize | T Sig.  |95.0%  Confidence|
d Interval for B
Coefficients
Beta Lower Upper
Bound Bound
-251 |.805 |[-36.104 |[28.503
i 043 144 | 887 |-.001 .001
005
Temperature |.155 436 107 356 127 -.774 1.084
a. Dependent Variable: Sorghum
Table 4.7: Multiple Regression for Millet Yield
Model Unstandardized | Standardiz |T Sig. 95.0% Confidence
Coefficients ed Interval for B
Coefficient
s
B Std. Beta Lower Upper
Error Bound Bound
(Constant) -4.169 [16.072 -259  |.799 -38.426 30.088
1 Rainfall .000 .001 .097 322 J92 -.001 .002
Temperature |.155 |.462 101 336 741 -.829 1.140
a. Dependent Variable: Millet

The standardized beta coefficient for the independent variables (rainfall and temperature) in tables

3,4 and 5 respectively revealed that rainfall influences groundnut, sorghum and millet yields 50%,

4.3% and 9.7% respectively, while temperature influences groundnut yield by about 80% and 10%
each for sorghum and millet.

Scanned with CamScanner




-' Mm The temperature distribution of Kano metropolis for the same period has also
. shown almost similar trend with the rainfall. There have also been drought events in Kano within
| the years considered for this study, and this was ascertained through the standardized
precipitation/temperature index. The crop yields of groundnut, sorghum and millet has also shown
an irregular increasing and decreasing trend. A close examination of the yield of the three crops
revealed that the most cultivated crop in Kano metropolis is sorghum followed by millet, and then

groundnut.

The regression model revealed a very strong positive relationship between drought events, as well
as climatic variables (temperature and rainfall) with crop yield output in Kano metropolis,
suggesting that a greater percentage of the crop yields output was controlled by temperature and
rainfall, while the remaining percentages could be accounted by other factors such as soil fertility,

fertilizer and pesticide applications as well as farming techniques used.

Based on the major findings of this study, the following recommendations were put forward
towards ensuring sustainable agricultural production especially in northern Nigeria:

i. There should arise early drought monitoring and warning systems for every agro-ecological

zone of Nigeria.

ii. Farmers should be trained to come up with adaptive and mitigation techniques mwards —
crop production in drought years in order to sustainably drive the economy to ensure ﬂm i 5

food security is guaranteed.
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