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Abstract: This study evaluates the farmers’ perception and climatic variability using climate record. Various
climate change adaptation strategies used by the farmers in the semiarid zone of north-eastern Nigeria were
also identified. Forty years of climatic data on temperature and rainfall (1971-2010) from the Nigeria
meteorological agency were collected and analyzed using non-parametric Mann-Kendall test. Questionnaire
survey was conducted to understand farmers’ perception and adaptations in response to changing climate and
variability. The results reveled that an increase in annual temperature of +0.76 °C from 1971 to 2010 has been
recorded in the entire semiarid zone of North-eastern Nigeria, whereas annual rainfall has not exhibited any
trend. Surveyed results show that many farmers noticed long-term changes in temperature and precipitation,
although farmers’ perception on temperature change appeared to be higher than the one observed. However, in
order to cushion the effects of climatic variability farmers have adopted a variety of adaptation strategies
including soil conservation, change in planting date, agro forestry product, improve crop seedlings, and
irrigation.
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I.  Introduction

Climate change is a standout amongst the most genuine natural dangers confronting humanity around
the world. It influences agriculture in a few ways, including its control effect on food production, its adverse
effects on agricultural productivity in Africa is attributable to the natural climate cycle and human activities [1].
Available evidence shows that climate change is global, likewise its impacts; but the most adverse effects will
be felt mainly by developing countries especially those in Africa, due to their low level of coping capabilities,
which Nigeria is one of these developing countries [2], [3]. As the planet warms, rainfall patterns shift, and
extreme events such as droughts, floods, and forest fires become more frequent, this results in poor and
unpredictable yields, thereby making farmers more vulnerable, particularly in Africa [4].

Nigeria is recognised as one of the African countries very vulnerable to climate change [4]-[6]. This is
because agriculture is an important sector of its economy, employing about 70 % of the population and
contributing significantly to gross domestic product [7]. Also, agriculture in the country is mainly rain-fed,
making it vulnerable to the vagaries of weather. The vulnerability of the country is further exacerbated by the
high population (about 170 million), two-thirds of the land cover located in drought prone areas and the long
coastal land (about 800 km) which is prone to sea level rise [5]. Unfortunately, the country has a low adaptive
capacity due to low financial, technical and technological capabilities, weak institutions, limited awareness of
climate change and the lack of national climate change adaptation policy [8].

The importance of adapting agriculture to climate change in Africa has resulted in a vast amount of
research on farmers’ perceptions and adaptations to climate change in the continent e.g. [9]-[19]. The overall
conclusion of these studies is that most farmers perceive that the climate is changing and are taking up several
adaptation measures to reduce the impact. For instance, in a review of climate change adaptation in African
agriculture, [20] identified about 104 different adaptation practices used by farmers which are broadly
categorised into: farm management and technology; farm financial management; diversification of farm and off-
farm activities; government interventions in infrastructure, health and risk reduction; and knowledge
management, networks and governance.

While major adaptation measures such as new crops or crop varieties and livelihood diversification are
adopted by farmers throughout the continent, others are peculiar to certain regions, and the choice of the
adaptation options is influenced by different contextual [10], [11], [14], [16], [21]-[23]. This implies that area-
specific studies on climate change adaptation are necessary. This is also noted by [13] who contended that
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reactions to effects of climate change regularly have a tendency to be limited and setting specific, subsequently
obliging that studies on adaptation need to be custom-made to specific connections in light of the fact that an
one size fits all result will not work.

However, most research on farmers’ adaptation to climate change in Africa has focused on the Sahel
region of West Africa partly due to the severe droughts and famines in this region in the 1970 and 1980s [15]
and on the rainforest ecological zones. The savannah region, which is severely affected by climate change, is
under-represented in the literature. Additionally, [8], [9], [17], [24]-[27], are among the few studies on farmers
adaptation in Nigeria. Yet, the results of their findings only looked into perception and the adaptation options
without contrasting farmer’s perception with the climate trend. Although, few studies in Africa revealed that
farmers’ perceptions corroborate actual climate trends to a certain extent [12], [15], [28], [29]. Therefore, this
study aims to complement existing adaptation studies in Nigeria and Africa by looking at how farmers in the
semiarid zone of northern Nigeria perceive of, and adapt to climate change. The main objective of this paper is
to study farmer’s perception of and adaptations to climate in corroboration to the actual trends in the semiarid
zone of northern Nigeria.

Il.  Materials and Method
2.1 Study area
The study area covers three states in the North-eastern Nigeria consist of Bauchi (10.50°N, 10.00°E),
Maiduguri (13°10', 11°50"), and Adamawa (9.33°N, 12.50°E), selected based on the availability of climatic data
(Fig. 1). The area defined covers a land area of approximately 103,639 square miles, and represents 29.1%of the
total area of Nigeria (Barbour 1971). Three local government areas, (Ganjuwa, Biu, and Ganye) where selected
based on their agro ecological zones from Bauchi, Maiduguri, and Yobe states in North-eastern Nigeria.
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Figure 1 Location of the Study Area in the North-eastern Nigeria

A household survey was conducted from July to October 2013 where 400 farmers were randomly
sampled from three farming communities (Ganjuwa, Biu, and Ganye) using the stratified random sampling
method. Structured questionnaires was used to investigate whether farmers had noticed long term changes in
temperature, rainfall, availability of ground water, drought, wind intensity, length of cold periods and length of
dry period in order to ascertain their level of perception. Questions about adaptation and the barriers to
adaptation were also posed.

2.2 Data analysis

For statistical analysis, descriptive statistics, percentile and 5-point ordinal scale was employed to
ascertain the farmers’ perception of the climatic variability. However, the farmers perception were corroborated
with the actual trend of the climatic variability using a Mann-Kendall trend test which is used to detect long-
term trend of the meteorological variables (e.g. temperature and rainfall) in the study area.
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2.2.1  Mann-Kendall Trend Test
The basic principle of Mann-Kendall tests for trend is to examine the sign of all pairwise differences of
observed values. The Mann-Kendall test is based on the statistic S. Each pair of observed values vi, yj (i>]) of
the random variable is inspected to find out whether yi > yj or yi < yj. The test statistic for the Mann-Kendall
test is given as
§=TET o sgn (X — Xk) @)
Where the xj and xk are the sequential data values and j>k, n is the length of the data set and
lif xj —xk =0
sgnlxj —xk) =4 0if xj —xk =0 @)
—1ifxj—xk=10
which is the number of positive differences minus the number of negative differences. Variance of S, computed
by
Var (5} = Inln —1)(2n + 5) — X, (¢ — 1)(2¢ + 5)/18 ®3)
And are asymptotically normal [30], where t is the extent of any given tie and the summation over all ties. For

the case that n is larger than 10, the standard normal variate z is computed by using the following equation [31].
% if 5= 0

Z=+ 0 if 5=0 4
L iS5 <0

Jrar (5

Thus, in a two-sided test for trend, at a selected level of significance o, the null hypothesis of no trend

is rejected if the absolute value of Z is greater than z,,. In addition to identifying whether a trend exists, the

magnitude of a trend was also estimated by a slope estimator b, which was extended by Hirsch [30] from that
proposed by Sen [32], defined as

_ . xj—xi i - .
ﬁ—Medlan(J._l.)wherel:m::;::n (5)
In other words, the slope estimator B is the median over all possible combinations of pairs for the whole

data set [30]. A positive value of B indicates an ‘upward trend’ (increasing values with time), while a negative
value of B indicates a ‘downward trend’ [33], [34].

I11.  Results and Discussion
3.1 Trend of climatic variability
Annual temperature displays significant changes, with an upward trend identified in the entire
Northeast. The average trend calculated for the study area has a Senslope of +0.76, implying that an increase in
annual temperature of +0.76 °C from 1971 to 2010 has been recorded in the entire North-eastern region which is
in consistent with [3], who observed an increase of 1.78 °C from 1901 to 2008 with a more significant increase
between 1971 to 2008 in Nigeria (Table 3.1).

Table 3.1 Trend for annual temperature and rainfall 1971-2010

Statistics Temperature Rainfall
Mann-Kendall Statistic 286 158
Kendall’s Tau 0.36 0.203

Sen Slope 0.76 0.551
P-value (two tailed) 0.001 0.067

Test interpretation Reject HO Accept HO

. . There is no trend In the series . There 1s a trend In the series
Note: HO: , Ha:

For annual rainfall, no significant trends was observed in most of the stations, hence these agrees with
the conclusions of [3], [35], [36], they did not observe any significant trend for annual totals of different region
of the country. Although these trends seem to be consistent over the country, the changes are not always
uniform. Therefore, a certain spatial variability from the mean average with a linear trend is observed in the
annual temperature trend in the North-eastern Nigeria which indicate increasing trend (Fig. 2).
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Figure 2 Temperature trend North-eastern Nigeria (1971 to 2010)

3.2 Farmer’s perception of climate change

Generally, the adaptations strategies used by the farmers are directly connected to the perceived
changes in temperature and rainfall events, and this confirms arguments that farmers perception influences the
type of adaptation strategies they adopt [11], [21], [37], [38]. The surveyed households were asked for any
observed changes in temperature, rainfall, availability of ground water, drought, wind intensity, length of cold
periods and length of dry period in order to ascertain their level of perception.

The results of farmers perception on climatic vulnerability presented in (Fig. 3) indicate that 91.2% of
the surveyed farmers have observed increasing temperature while only an insignificant 5.1% noticed a decreased
in temperature, and for 3.7% of the respondent it remain unchanged. 83.1% of the farmers perceived a decline in
yearly total rainfall. Furthermore, farmers were also asked on other important climate parameters include wind
intensity, availability of groundwater, changes in drought, length of cold period, and length of hot period.
Almost 92% of the farmers perceived an increased in length of hot period and a decreased length of cold period,
87.9% of the farmers perceived an increased in frequency of draught, which may be attributed to the high rate of
desertification in the area as reported by the federal ministry of environment [5]. 78% of the farmers observed a
decreased in availability of ground water, while 81.9% observed an increase in wind intensity over the past 20
years. Similarly, the result indicates that there is a reduction in the number of cold days and an increase in the
number of extreme hot days in the study area. It also implies that farmers’ indication of an increase in
temperature is mainly due to extreme temperature events and a decrease in the number of cold days.

Lenth of hot period

Length of cold period

Draught
= Don’t know
Awailability of ground water No change
Wind Intensity m Decreased
i mIncreased
Rainfall
Temp
T
0 20 40 60 80 100

Percentage

Figure 3 Farmers perception of climatic variability

In general, farmers’ perceptions are verified with the analysis of the climatic variability in the previous
section, it revealed that farmers’ perception on temperature change appeared to be higher than the one observed.
In contrast to farmers perception, observed annual rainfall showed insignificant trends.

3.3 Farm level adaptation strategy
In order to cushion the effects of climatic variability, farmers take different sorts of measures to adjust
with the climatic vulnerabilities. Their practices vary based on their degree of vulnerability, awareness,
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perception, localities, and affordability of resources [22]. In this study, farmers have adopted a variety of
adaptation strategies including soil conservation, change in planting date, agro forestry product, improve crop
seedlings, mix-cropping, move to a different site, irrigation, and the use chemical pesticides and herbicides
(Figure 4).
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Figure 4 Farmers adaptation strategies

The use of improve seedlings is the most commonly used method, whereas use of irrigation is the
adaptation least practiced among the major adaptation methods identified in this study. Greater use of improve
crop seedlings as an adaptation method could be associated with the lower expense and ease of access by
farmers, while the limited use of irrigation could be attributed to the need for more capital and low potential for
irrigation. These adaptation methods mentioned by farmers are similar to the other findings in the climate
change adaptation literature [39]; [21][37], [40]; [41] [42] [38].

IV.  Conclusion

The results of the study revealed that an increase in annual temperature of +0.76 °C from 1971 to 2010
has been recorded in the semiarid zone of North-eastern Nigeria, whereas annual rainfall has not exhibited any
trend. Surveyed results show that many farmers noticed long-term changes in temperature and precipitation,
although farmers’ perception on temperature change appeared to be higher than the one observed. In contrast to
farmers perception, observed annual rainfall showed insignificant trends. However, in order to cushion the
effects of climatic variability farmers have adopted a variety of adaptation strategies including soil conservation,
change in planting date, agro forestry product, improve crop seedlings, and irrigation.
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