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Abstract

Niger is one landlocked West African country located between parallels 11°
37 and 23° 33 Northern latitudes, meridians 16 °East longitudes and 0 °10 West
longitude and covers 1,267,000 kilometers square. This country has different agro-
climatic zonation which are divided into northern Saharan arid with a total annual
rainfall average about 20-75 mm, Saharan-tropical; 75-160 mm and Sahelian area with
an estimated total annual rainfall average of 250-800 mm. Therefore, the country
rainfall pattern varies from one region to another and within one region. Niger as a
poor country which agriculture sector employs about 85% of rural population and
accounting approximately 45.2% of national economy climate variability may reduce
the sustainability of this sector. In addition, Maradi is one of country’s important
agricultural production regions, but it is recently most exposed to food insecurity
while Niamey is a region crossed by the country river. Accordingly, this article aims
to evaluate climate variability in these regions during 1979-2013s. Buishand
Homogeneity test was being conducted to detect the temporal break of climate
variability and regression analysis was being used to estimate its magnitude in these
regions. The findings indicate the two regions experienced a variation their total
annual rainfall and monthly temperature averages. More, Niamey is more temporal
sensitive, but the climate variability is higher in Maradi. Accordingly, during the
period 1979-2013 the total annual rainfall of Maradi has fallen by 76% and its
monthly temperature has increased by 13,6% whilst total annual rainfall of Niamey
has fallen by 46.2% and its monthly temperature mean has increased by 13.6%.
Consequently, it urges to implement large mitigation and climate variability reduction
strategies to sustain the agriculture sector especially in Maradi as well as to minimize
the risk of extinction of the Niger River.
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1. Introduction

During the last decades the climate change and variability become key studied
concepts by many authors [1, 2, 3]. The climate change and variability can occur at all
locations, but recently most attention has been given to their regional and basin scales to carry
out more specifics and key information for implementing more profitable and sustainable
local socioeconomic activities [4]. More, for practical environmental management the rainfall
and temperature trends have been considered as proxies in investigating climate change and
variability [5, 6, 7, 8, 9].

Since the 1950s, numerous anthropogenic activities lead to climate change warming,
especially in West Africa which was confronted to several droughts with as outcome
important decreases of river flows during the era 1960s-1990s [10, 11, 12, 13].

Also, climate variability is expected to increase the occurrence of droughts, floods and
heavy storms in Africa [14, 15]. Similarly, the Sahel is expected to face a rapid increasing of
its temperature and more unpredictable rainfall pattern that may lead to uncertain crop
production with severe yield drop [16, 13]. In addition, these circumstances represent a risk,
especially for the area’s small-scale farmer, so that [13] underscore the climate change could a
key obstacle for producing sensitive crops such as maize, millet and sorghum in Africa.

Niger is one of West-African countries which economy is strongly dependent
agriculture sector which includes about 85% of the country’s rural population and accounts
approximately at 45.2% of its GDP in 2010 [17]. Therefore, from post-colonial period several
agricultural strategies and milestones have been executed in Niger to enhance the country’s
food security. They are mostly targeting at diversifying a country’s agricultural products.

However, Niger agriculture sector depends mainly to total annual rainfall and most of
agricultural systems are extensive, so that these agricultural systems are likely to cause
environmental degradation and an increasing risk of desertification.

Earlier it has been projected a decline of Millet production by 13% and its yield
decline about 42% from increasing temperature and rainfall variability by 2030s, so that in
Sahelian countries the desertification questions the long-term viability of agriculture sector
[18, 19].

On another hand, since 1992 Niger is a signatory country of United Nations
Convention on Climate Change (UNCCC) and recently in 2004 a country signatory of Kyoto.
Hence, Niger has implemented several policies such as United Nations Emissions Reductions
from Deforestation and Forest Degradation which target at planting trees by providing

incentive financial support to Sahelian farmers to reduce the climate pressures [20, 21].
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Nevertheless, in the Sahel the climate change leads to inter-annual variability and
sensitivity to rainfall, so that the availability of freshwater depends on climate change and
variability and represents a key future challenge for sustainable development [5, 22, 23, 24,
25, 26, 27]. Furthermore, the climate approaches based mainly on global and large-scale
climate vulnerability are specific timescales (e.g. inter-annual) or regional hydrological
datasets [28, 29], so that data scarcity and high variability may be major constraints in
apprehending multi-timescale climatic teleconnections driving streamflow variability.

In Niger previous studies investigate mostly the inter-annual climate variability,
affected the relationship between rainfall-runoff and the river regimes based on Hydrological
and hydro climatic dataset through some complex hydrological methods. However, evaluating
climate variability from total annual rainfall and monthly temperature mean could be more
practical for agricultural development institution and policy makers to reinforce their ongoing
implemented strategies over different timescales. Hence, a good comprehension of temporal
climate variability and its magnitude, especially in one of the country vital agricultural region
almost permanently exposed to food insecurity as well as in Niamey the only region crossed
by the main country water resource may offer a way for implementing short-middle and long-
term climate change and variability mitigation strategies in this region.

This study aims to evaluate climate variability from daily rainfall and temperature
records, especially to detect a temporal break in total rainfall and monthly temperature as well
as to estimate magnitude of this variability during the period 1979-2013. Accordingly, the
study attempts to answer the questions: (1) are temporal total annual rainfall and monthly
temperature variabilities similar in Maradi and Niamey? (2) Although temporal total annual
rainfall and monthly temperature variabilities differ Maradi and Niamey do they have the
same magnitude? (3) What is the region more sensitive to total annual variation? (4) What is

the region more sensitive to monthly temperature variation?

2. Material and Methods

2.1 Study areas

With about 255 kilometers square Niamey is situated in the South West of Niger
between 13°28’- 13°35’ of latitude North and 02°03” - 02°12° of longitude while Maradi is
situated the southern part of Niger between parallels 13 © and 15 © 26' North latitude and
parallels 6 ° 16' and 8 ° 36 'East longitude and covers about 41,796 km? as shown in figure 1

below.
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Figure 1. Study areas
2.2 Study data

Data for 1970-2013 have been computed from daily secondary data obtained from the
national office of meteorology of Niger and they include daily rainfall and temperature
records.

2.3  Data analysis

From the daily rainfall and temperature, the monthly temperature means, and total
annual rainfall have been calculated. Accordingly, the annual cumulative rainfall of each
region has been determined by summing up their daily record with the formula TAR = ).} Xi
(1) where TAR refers to total annual rainfall value and Xi the daily recorded rainfall.

Depending on [30] the direct use of daily temperature mean may underestimate its
value which commonly occurs according the non-linear relationship between saturation vapor
pressure-temperature.

Hence, the two regions’ monthly temperature means have been determined in two

steps. According to [30] a monthly temperature mean is determined with the formula
TMean = w (2) where, TMean refers to daily mean temperature of air, TMax daily

maximum temperature of air and TMin daily minimum temperature of air all in degree

Celsius (°C). Then, monthly temperature mean was being determined with the formula
Y DAT
N

the daily temperature mean and N refers to the number of the days of a month.

MTA = (3) where MTA refers to monthly temperature mean and DTA the represents

Furthermore, Buishand’s Homogeneity Test has being conducted to detect a trend

variation of total annual rainfall and monthly temperature amen in the two regions while
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regression analysis has been conducted to estimate the magnitude of total annual rainfall and
monthly temperature means which may be observable on the trend obtained from Buishand’s
Homogeneity Test.

2.3.1 Buishand Homogeneity Test

To carry out intra and inter regional the trend of total annual rainfall and monthly
temperature mean Buishand Homogeneity Test was being conducted. Originated from a
formulation given by [31], the Buishand statistic derived from Gardner's statistic which is
commonly used for carrying out two-sided break test based on average value for an unsettled

period. Gardner's statistic is determined with the formula:

N-1
G = Z Pk{Sk/ax}z
K=1

Where Sg= (X — Xm)

P, is the probability that the break occurs just after the K™ observation while the
variance oy IS assumed a known value.

On other hand, if oy is an unknown value it can be substituted by the variance of the
sample D2x and if Py is homogeneously selected so that the statistic U is determined with the
formula:

%;%(Sk/ax)z
N(N +1)

Where P2X = rLXi- Xm)Z/N

The critical values of statistic U were being assumed by [32] and then it was being
used in Monte Carlo method. Afterward [33] has better estimated U value, so that Buishand
Homogeneity Test become the most applied in evaluating the distribution of haphazard
variables or parameters according the properties examined in normal case, so that Buishand
homogeneity Test is predominantly used in normal event.

2.3.2 Regression model

The regression model is a statistical procedure that allows estimating the linear
relationship between two or more variables. It measures the amount of change in one variable
that is associated with change in another variable or variables. The regression was used to test
the statistical significance whether the observed linear relationship could have emerged by
chance or not. Accordingly, the linear regression model has been used to estimate a causal

relationship between a break on total rainfall and monthly temperature means. Accordingly,
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the independent variable (occurrence of break) was labelled X and the dependent variables
(variation in total annual rainfall and monthly temperature) was labeled to determine the
straight-line relationship that connects X and Y. Hence, the linear relationship between
temporal occurrence of break and total annual rainfall and monthly temperature can be stated
algebraically as Y = a + bX where a refers to the intercept and b is the slope of the line.

3. Results

3.1 Buishand Homogeneity Test

3.1.1 Temporal trend of total annual rainfall

The figure 1 bellow shows a break representing a reduction in total annual rainfall
both in Maradi and Niamey. Mardi total annual rainfall dropped from 807.77 mm to 265 since
1998 while in Niamey it had fallen from 458.87 mm to 141.71mm. Therefore, temporally a
reduction in total annual rainfall has earlier occurred in Niamey (1997) and then in Maradi
(1998), so that Niamey is temporally more sensitive to total rainfall variability than Maradi.

However, Niamey accounts a reduction of 317. 16mm from 1997 whilst in Maradi this
total annual rainfall reduction is about 542.77mm from 1998. Accordingly, although Niamey
is temporally more sensitive to total annual rainfall the fall of the annual rainfall in Maradi is

more drastic as show on the figure 1.
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Figure 2. Temporal trend of total annual rainfall

3.1.2 Temporal trend of monthly temperature means

Buishand’s tests showed there is a break representing an increase of monthly
temperature means both in Maradi and Niamey. In Niamey the monthly temperature mean
increases from 30.17 C to 31.284C whereas it passed from 28.92C to 30C in Maradi. Yet, this

temporal increase in monthly temperature means occurs in Niamey since 1997 but recently in
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2000 in Maradi, so that Niamey is temporally more sensitive to total monthly temperature
variability than Maradi. This break in monthly temperature means is shown on the figure 2.
However, Niamey accounts an increase of 1.11C in its monthly temperature since
1997 whilst in Maradi an increase of 1.08C monthly temperature occurs in 2000. Hence, the
increase in monthly temperature mean is slightly higher in than in Maradi as well as Niamey

is temporally more sensitive to monthly temperature than Maradi as shown on Figure 2.
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Figure 3. Temporal trend of monthly temperature means

3.2. Regression analysis

3.2.1 Total annual rainfall and monthly temperature

The total annual rainfall mean is greater in Maradi (575.15mm) than in Niamey (313.9
mm). Otherwise the coefficient of variation (ratio of standard deviation to total annual mean)
is about 62% for Maradi whilst it accounts about 110.45% in Niamey. Hence, Niamey is
temporally more sensitive to total annual rainfall than Maradi. Similarly, the monthly
temperature in Niamey (30.70 C) is slightly greater than in Maradi (29.34C) whist the
coefficient of variation of monthly temperature is about 11.85% in Niamey and 12.72% in

Maradi as shown in table 1.

Table 1. Total rainfall and monthly temperature means, maximum, minimum and

coefficient of variation

Variables Minimum Mean | Maximum | Std. Deviation | C.VV N
(%)
Maradi total annual rainfall 12.64 575.15 | 1147.85 356.60 62 35
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Maradi monthly temperature | 19.05 29.34 | 36.15 3,7341 110.45 | 420
mean

Niamey total annual rainfall | 4.13 313.90 | 1962.96 346.71 11.85 35
Niamey monthly temperature | 21.5 30.70 |37.81 3,639 12.72 420
mean

3.2.2 Magnitude of temporal variation in total annual rainfall

To estimate the variation magnitude of a break obtained with Buishand Homogeneity
Test and its impact in booth total annual rainfall and monthly temperature means in the study
regions we define a dummy variables. Hence we attribute the value one (1) was for all the
year during which there is not any appearance of breaks on trend and a value zero 0)
otherwise. The regression analysis results show that the standardized coefficient Beta of total
annual rainfall is greater in Maradi (0.7649) than in Niamey (0.462). Accordingly, the
occurrence of temporal break in the trend of total annual rainfall mean has significantly
impacted the total annual rainfall in Maradi than Niamey so that Maradi is more sensitive to
total annual rainfall variability than Niamey.

On another hand, the regression analysis show that the standardized coefficient Beta of
monthly temperature means is slight greater in Niamey (1.236) than in Maradi (1.32), so that
the occurrence of break in monthly temperature means has significantly impact the monthly

temperature in Niamey but not in Maradi. The results are shown on the table 2.

Table 2. Regression results of total rainfall and monthly temperature

Regions | Model Standardized t Sig.
Coefficients Beta

Constant (total annual rainfall) 4,396 0.000
Occurrence of break in total annual | 0.764 6,807 0.000**
rainfall

Maradi | Constant (monthly temperature mean) 101,071 | 0.000
Occurrence of break in monthly | -0.132 -2,724 0.007
temperature
Constant(total annual rainfall) 1,817 0.078
Occurrence of break in total annual | 0.462 2,996 0.005*
rainfall
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Niamey | Constant (monthly temperature mean) 119,932 | 0.000

Occurrence of break in monthly | -0.136 -2,812 0.005*

temperature means

The bold and asterisk the significant level (1%, 5%) in the study regions; Sig. = Significance.

4. Discussion

The results from the figures 2 and 3 both Maradi and Niamey experienced a variability
of their total annual rainfall and monthly temperature. Furthermore, these variabilities differ
between the two regions, so that Maradi total annual rainfall had fallen from 807.77 mm to
265 mm since 1998 while in Niamey it dropped from 458.87 to 141.70mm since 1997.
Accordingly, Maradi with a reduction of 542.7 mm of its total annual rainfall is more
sensitive to total annual rainfall than Niamey (317 mm). These results are similar to the
findings of [10, 34, 35, and 36] that highlight that West Africa experiences strong spatial and
temporal rainfall variability, especially the Sahel areas. Yet, the total annual rainfall’s
coefficient of variation in Maradi (76%) is greater than in Niamey (46%). This corroborates
the previous results found by [35, 36, 37, 38, and 39] that underline Niger experiences a
decrease of its annual rainfall by 3.1% per decade during 1950-2014, mainly during the
droughts (1970-1980s).

Previously [40] highlights that the climate change is seriously impacting the crop
production, especially beans production which is a significant source of protein in Maradi
region, so that the sensitivity to total annual rainfall may reduce not only the development of
agriculture sector in this region but it could also increase its food insecurity level.

Besides, both Maradi and Niamey reveals sensitive to monthly temperature, so that
since 1997 Niamey monthly temperature means has increased by 1.1 C whilst Maradi
recorded an increase of its monthly temperature of 1.08 C since 2000. Although there is time
lag in increasing monthly temperature between the two regions, Niamey is slightly more
sensitive to monthly temperature than Maradi. Though the climate variability was assessed at
the level of two regions of Niger the findings corroborate those of [41] who highlight that
Niger is amongst one of the highest West African countries vulnerable to climate in West
Africa.

Conclusion and recommendation

Rainfall and temperature series have been used to evaluate the climate variability and

the impact of the occurrence of break in total annual rainfall and monthly temperature in the
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regions of Maradi and Niamey. Besides, Maradi which reveals more sensitive to total annual
rainfall is important agricultural production of the country as highlighted by [42], so this
region’s sensitivity to total annual rainfall could reduce the development of its agriculture
sector. Additionally, the slight sensitivity of Niamey to air temperature could cause an
increase of Niger watercourse, so that it may question its long-term sustainability.

This study therefore aimed to evaluate climate variability in these regions. The
Buishand Homogeneity Test identified two main breaks in the total annual rainfall and
monthly temperature means. Accordingly, Maradi has experienced a decrease of its total
annual rainfall in 1998 while Niamey total annual rainfall falls since 1997. The regression
analysis shows that the magnitude of total annual rainfall was 76.4% for Maradi and 46.2%
for Niamey and this magnitude was 13.2% and 13.6% for monthly temperature means
respectively for Maradi and Niamey. More specifically, the regression results show that total
annual rainfall is significant by region (B = — 0.76; p < 0.000 for Maradi and B = 462; p <
0.005 for Niamey) as well as for monthly temperature means (f = — 132; p < 0.007 for Maradi
and § =— 0. 136; p < 0.005 for Niamey).

From the research findings, a large implementation of resilient climate change
strategies to reduce the regional sensitivity, especially in Maradi could help to improve
agriculture sector as well as to the region's food security. Also, the implementation of more
climate friendly resource practices may enhance the sustainability of Niger River while

reinforcing the practiced agricultural and fishery activities on Niger River bank.
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