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Abstract: N’zerekore is a geographical region of Guinea, which houses a weather observatory located at longitude 8.8°, latitude 7.7°
and altitude 475 m. This region is of major socio-economic interest for the country. The climatological study of this region shows the
variability of each parameter. The objective of this study was to analyze meteorological parameters trends and to assess the
space-time evolution of some agro-climatic risks related to the main trends observed in the meteorological parameters regime of this
region. In this study, programming tools were used for processing and analyzing meteorological parameters data, including
temperatures, rains, wind, evaporation and storms measured in this observatory from 1931 to 2014. The interannual, annual and daily
variations of these parameters were obtained, as well as temperature, precipitation anomalies and agroclimatic indexes trends. The
analyzing of these variations explained that September is the rainiest months, and the year 1932, 1957 and 1970 are normal, rainy and
dry year, respectively. The evaporation increased since 1971 from January to March and November to December. A positive
temperature anomaly was observed since 1973 with the maximum 26-33 °C and the minimum 16-21 °C. A dominant westerly wind
with a speed of 2.6 m/s was determined. Agro-climatic parameters in N’zerekore have high variability. From 1931 to 2014, three
major periods can be distinguished: a wet period from 1931 to 1977, a dry period from 1978 to 1994 and rainfall variability from
1995 to 2014. The trend of these parameters explains the impact of climate change in this part of the world. This is exacerbated by
human activity (deforestation), thus mitigation measures are necessary. It would be useful to extend this study throughout the
country.
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1. Introduction placed for some time in the center of the concerns of

. . . scientists and policy makers in the world [2]. Climate
Guinea is a country with great agro-sylvo-pastoral o .
) ) o ) . change and variability issues have long been studied
potential. Their exploitation requires an agricultural . . . ) )
) . ) in large dimension, while results show that climates
planning effort, which can not be done without a good )
. ) ) S vary from one country to another and sometimes
understanding of the climate, especially the variability T .
o ] ; within the same country because of the existence of
and distribution of rainfall [1]. Because of their .
] . ] ) several different ecosystems [3].
immediate and lasting impact on the natural . . .
. . . The most important issue, especially for West
environment and man, the questions of climate change . ) ) .
o o Africa than in other regions of the world, is the study
and variability (temperature and precipitation) are . o
of climate change and variability at local scales, so
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be resulted in [4].

In Guinea, precipitations are the most important
climate parameter for both populations and
ecosystems, and thus define different natural regions
[5, 6]. Consequently, the economy is mainly oriented
towards the activities that depend on climate,
including rainfall [7]. It is thus that in a context of
great vulnerability and limited capacity, a slight
change in rainfall patterns could instantly affect
hundreds of thousands of wvulnerable people who
depend on rain to live [8]. The Guinea is composed of
33 prefectures, while this study is focused on
N’zerekore prefecture (Fig. 1). Indeed, the population
and the

systems

of N’zerekore is predominantly rural,

performance of operated production
(agriculture and livestock) is closely subject to climate.

The agroclimatic characteristics in any country or
subnational region are primarily determined by
intra-year distributions and inter-year variations in
rainfall and temperature [9, 10].

However, the climate is rarely seen as a precious
natural resource for economic and social growth until
event

a major disrupts

health

energy production or

agriculture or risk of the population.

Agriculture is typically the most important sector in
the economy of developing countries, especially in the
least developed countries (LDCs) and small island
developing states (SIDS). The practice of agriculture
and the productivity of the agricultural systems
depend heavily on prevailing rainfall and temperature
patterns. So, the agricultural sector and other sectors
are very vulnerable to climate change [11].

The semi-arid and sub-humid areas in West Africa
possess highly variable and erratic rainfall which
affects agricultural productivity. Agricultural practices
have had to adapt to these climate risks, because very
little land is irrigated. Consequently, any change in the
current climate threatens agricultural productivity and
the survival of many populations in West Africa.

Knowledge of the variability of these parameters is
very important for the planning of agricultural activities.
Also, knowing of agroclimatic characteristics can be
used to strengthen the techniques of seasonal rainfall
forecast and agro-climatic projections in the region.
Thus, in this study, the programming tools were used to
analyze and characterize the climate variability and
N’zerekore

agroclimatic parameters observed in

synoptic station 1931 to 2014.

/ N'zerekore

Fig. 1 Localization of N’zerekore in Guinea.
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2. Materials and Methods

In this study, the climatological data cover the
period from 1931 to 2014, recorded by weather
observatory of N’zerekore (7.7° N, 8.8° W), and
extracted from the well-preserved archives of Guinea
National Weather Service.

Among the Guinea observatories, N’zerekore
meteorological data are the subject of national,
regional and global uses, so they were used for an
international study [12]. As for the wvariability of
agroclimatic parameters, the daily rainfall data from
1961 to 2013 of the
N’zerekore were used.

The Informatics Centre of the National Weather
Service has developed robust PC uses CLICOM
software for managing its climate data. Other software,
such as Climsoft, Excel, Word and INSTAT+, were

used for data processing and presentation of results.

synoptic observatory of

Qgis were used for map editing. The observations of
various meteorological elements did not start at the
same time, and due to measurement interruptions for
some data, calculated climatic parameters do not relate
to the same period. But the minimum period
recognized for describing the climate is 30 years
according to World Meteorological Organization
(WMO), and the period used is sufficient to consider
an appreciable climate studies in N’zerekore.

The softness or harsh climate is confirmed by the
variation of the observed values of climatic
parameters in relation to the average during the period.
Analysis of these variations and interpretations of the
results are subject of the present work.

Statistical analysis of climatological data covers:

(1) Trend and variability of total rainfall and
evaporation;

(2) Trend and variability of agroclimatic parameters.
The main indexes or agroclimatic parameters studied
are the start date of the growing season; end dates of
the agricultural season; the length of the growing
season; the length of dry spell observed in the fifty

days after the start of the rainy season; the length of
dry sequences of flowering (dry sequence observed
during flowering-maturation); the number of rainfall
days recorded during the growing season; the total
rainfall of the growing season; heavy daily rainfall
during the growing season;

(3) Trend and variability of the maximum and
minimum temperature;

(4) Storms frequency;

(5) Wind speed and direction.

The average of 1961-1990 has being used as

reference period in variability analysis of parameters.
3. Results and Discussion
3.1 Major Temporal Trends in Rainfall Patterns

3.1.1 Interannual Variation in 1931-2014

The analysis of the interannual variation of total
rain shows two periods of oscillation around the
normal value (1,880 mm) with a pitch of five years
between 1931 and 2014 (Fig. 2). Deficit years (1969)
are below the normal, surplus years (1957) are under
the normal and years on the normal value are normal
years (1932).

It should be noted that during the long period of 20
years of deficit, only the years 1989 and 1990 record a
slight rainfall excess. The height varies between 1,473
mm and 2,539 mm in 1970 and 1957 with an average
of 1,879 mm. This result is consistent with that found
by Bangoura [13].

3.1.2 Annual Variation in 1931-2014

N’zerekore rainfall is variable. The total rainfall of
1,878.7 mm is observed in 138 d in monthly average
by year (Fig. 3). This is explained by the variability of
wealth in steam generator of air mass in the rain
through the area and the presence of mountains that
promote the rise of the air mass.

The wet season lasts for 8-9 months. It begins in
early March and ends in late November. The
maximum value of rain in the year is observed in
September (325.1 mm) with 20 d in average and the
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Fig. 2 Interannual rainfall variation in N’zerekore (1931-2014).
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Fig. 3 Annual rainfall variation in N’zerekore (1931-2014).
minimum value in January (14.9 mm) with 1 d in average. stored in the December-January-February (DJF)
During this month, more than 17.30% of the annual season, while the largest are registered in
rainfall is observed. Annual distribution of rainfall and July-August-September (JAS) season.
number of rainy days in N’zerekore from 1931 to The comparison of average 1961-1990 and

2014

September, but the most rain days are observed in

show that the maximum rainfall occurs in

August (21 d in average). For Guinea region, a
significant warm water impact is only found in March
(dry season) when precipitation is increased [14].

3.1.3 Seasonal Total Rainfall Variation

In N’zerekore, seasonal precipitation ranges from

98 mm to 850 mm. The lowest seasonal totals are

1981-2010 shows a decrease in seasonal total rainfall
from the September-October-November (SON) to
April-May-June (AMJ) season and an increase in
seasonal total rainfall from May-June-July (MJJ) to
(ASO) This

denotes an increase in rainfall totals in the period

August-September-October season.

(season) and a decrease in rainfall amounts during

market gardening periods. In average, the contribution
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of seasonal precipitations in the annual total rainfall
varies between 98 mm (JAS) and 850 mm (DJF) for
the time-series of 1931-2014 (Fig. 4).

The contribution of the seasonal total rainfall to
annual rainfall in N’zerekore varies between 0% and
6% (Fig. 5). The greatest contribution is made in
July-August-September (JAS) season and the smallest
in  December-January-February  (DJF)  season.
Compared to the period of 1961-1990, there is a
decline of seasonal totals contribution from
September-October-November (SON) to
April-May-June (AMJ) season and an increase from
May-June-July (MJJ) to August-September-October
(ASO) season for the period of 1981-2010.

3.1.4 Daily Variation

The daily precipitation is 147 mm recorded on
October 12, 1925 in N’zerekore. The daily rainfall is
highly variable in general. To characterize this high
variability of daily rainfall, annual registration of daily
rains is presented for the wettest year (1957), the
driest year (1970) and a normal year (1932) (Figs. 6-8).
According to these figures, the real rainy season starts
from early March. But there is a clear difference
between the driest year and the wettest year during
and at the end of the rainy season. The rains are more
frequent, more intense and longer in wet year (1957)

than in dry year (1970).

The change in cumulative profiles around normal
can predict whether a year will be deficit, normal or
excess (Fig. 9).

Normal years 1931-2014, 1961-1990 and 1981-2010
have the same pace during the year. All curves follow
normal until the 40th day. The forecast is not easy in
this period. In 1932, since the 40th day, the curve
undergoes a sudden increase in rainfall and remains
above normal until the 201st day after a considerable
drop or interruption of rains. It follows the normal
from the 224th day until the end of the year. There is
an increase of rain from the 74th day of the year 1957,
and cumulative curve remains above normal until the
end of year.

As for 1970, it follows normal until the 182nd day
and the curve decreases to remain below normal until
the end of year. Analysis of these curves shows an
important direction for the overall annual forecast of
rainfall. If very early in the year daily precipitations
yield above normal values, this may mean that this
year will be excess or normal.

If follow normal rainfall up to about 4-5 months
before decreasing, it indicates that this year will be in
deficit. And if daily rainfalls stay below normal until
about 2-3 months before it grows, this year will be
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Fig. 4 Seasonal totals rain in N’zerekore.
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Fig. 5 Seasonal contributions to annual rainfall in N’zerekore.
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Fig. 6 Daily rainfall distribution in wet year 1957 (surplus year to mean of 1931-2014).
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Fig. 7 Daily rainfall distribution in dry year 1970 (deficit year to mean of 1931-2014).
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Fig. 9 Cumulative profiles.

normal. Analysis of the cumulative rainfall profile
between the 35 d and 225 d in average predicts that
the year will be normal, deficit or excess.

3.2 Temperatures Trend and Variability

The sun’s energy is a power source that drives the
earth’s climate system. The knowledge of the climate
system is based on the physical laws of emission and
absorption of electromagnetic radiation and how these
relate to incoming solar radiation and outgoing
terrestrial radiation.

In theory, the earth’s average surface temperature
might be expected to be around -19 °C, much lower
than the observed value of about 14 °C. The reason for
this difference is the earth’s atmosphere, which itself
absorbs and re-emits energy. This naturally occurring
process is commonly known as the greenhouse effect,
which plays a significant role in setting the earth’s
surface and atmospheric temperatures [15].

The temperature of an area is essentially a form of
manifestation of global radiation (solar and infrared)
or the energy balance.
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Fig. 10 Annual variation of the minimum temperature in 1981-2014 in N’zerekore.
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Fig. 12 Thermal amplitude of temperature in 1981-2014 in N’zerekore.
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The Intergovernmental Panel on Climate Change
(IPCC) in 2007 expects the warming in the 21st
century to be the greatest over land and at the highest
northern latitudes. For the next two decades, a
warming of about 0.2 °C per decade is projected.

However, temperatures in N’zerekore are softened
by vegetation and high humidity, and very little. The
annual temperature range that exceeds 33 °C is high
compared to the coastal zone. The annual average is
around 24 °C. The minimum rarely lowers below
16 °C, accompanying heavy rains in July-August and
December-January in Harmattan "' The highest
temperatures are recorded late in the dry season. The
maximum average is 33 °C in January, and it rarely
exceed this value.

Statistical analysis of the air temperature determines
the frequency of certain thresholds necessary for
evaluating thermal regimes.

The annual minimum temperatures in 1981-2014 in
N’zerekore are between 16.5 °C and 21.5 °C. It is
weaker in January and higher in May (Fig. 10). While
the maximum temperatures are between 27.5 °C and
33 °C. The maximum temperature is higher in dry
season (February and November) and weaker in wet
season (July-August) (Fig. 11). The temperature
amplitude is variable in winter (December, January
and February), while it varies very little in summer
(Fig. 12).

Data from the ECMWF interim reanalysis (ERA)
indicate that 2010 ranks as the world’s second
warmest year, with the difference between it and 2005
within the margin of uncertainty.

The decade of 2001-2010 is also the warmest on
record. This result is confirmed with both the northern
hemisphere and Africa case, where regional temperature
for 2010 was the warmest year on record [16].

Temperatures over the decade averaged 0.46 °C

! Harmattan is in Sahara and in Central and West Africa, a
wind from the northeast, very hot during the day, cooler in
night, very dry, often dusty. It is a continental trade wind. It
blows South-West from the Sahara and affects the Gulf of
Guinea in the winter, between late November and mid-March.

above the 1961-1990 mean, 0.21 °C warmer than the
previous record in decade of 1991-2000. In turn,
1991-2000 s

consistent with a long-term warming trend.

warmer than previous decades,

3.3 Evaporation

Water vapor is the most important greenhouse gas.
However, because of the abundance of water, there is
virtually no direct human influence on the amount of
the atmosphere. In contrast, human activities alter the
concentrations of greenhouse gases, such as CO,,
methane, N,O and the release of chlorofluorocarbons
(CFCs). As the concentrations of greenhouse gases in
the atmosphere increase, the amount of solar energy
absorbed at the surface remains almost unchanged, but
the lower levels of the atmosphere absorb more
outgoing terrestrial radiation.

Evaporation is a physical process by which the
water passes from liquid state to vapor state. But for
this phase, change can take place, there must be
energy availability (heat or kinetic) and water. In
nature, evaporation is related to solar radiation, wind
and moisture deficit.

From 1961 to 2014, N’zerekore records a total
evaporation of 40,282.2 mm. A total annual maximum
evaporation of 1,139 mm is recorded in 2014 and a
1963. The annual

evaporation average is 746 mm/year.

minimum of 4982 mm in

A monthly maximum of 219 mm is recorded in
January 2007 and a minimum of 15.3 mm in August
1964. These are the values of potential evaporation
calculated according to Penman formula.

From 1961 to 2014, evaporation is increasing since
1981, and in the years, it can cover November to
December and January to April (Fig. 13). Since 2002,
the evaporation value below 40 mm is not observed.

3.4 Storms Frequency

The WMO precisely defines the storm like a meteor,
characterized by two consecutive audible and

thunderous sounds of the earth’s surface.
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Storm clouds develop from cumulonimbus clouds

or cumulonimbus clusters, which can contain

hundreds of thousands tons of water, hail and small
ice crystals. They essentially differ from rain clouds,
first by the sheer scale of their vertical and horizontal
expansion, but especially by the fact that they give rise
to electrical phenomena.

The considerable vertical extent of storm clouds,
which often reach the tropopause (between 8 km and
16 km altitude depending on latitude) and sometimes
even exceeds, generally requires for their unstable air

masses development, wet and hot so strong
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Fig. 14 Climatology of storm (1961-2014) in N’zerekore.
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Fig. 13 Climatology of evaporation (1961-2014) in N’zerekore.
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temperature gradients over significant thicknesses.

These clouds can arise in an unstable warm air mass
and homogeneous. Then, they develop sporadically,
but often preferred, during afternoon over places
where topography (mountains) or the soil (e.g., a
densely built) favor overheated masses air in the lower
layers and therefore their ascent.

In this study, 1987 is the year in which the
maximum of storm was observed in the series
(Fig. 14). The annual average of storm distribution
shows two pics with 22 and 24 times in May and
October, respectively. Two absolute maximum values
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(29 and 31) are also observed in the same months
(May and October), respectively. This result is exactly
consistent with other one. The average annual stormy
and rainy days are determined for each site. An annual
average for rainy and stormy days of 132 and 137 is
found. The peak occurrence of stormy or rainy day is
observed at N’zerekore [17]. It shows that storms are
more frequent and strong at the end of wet season than
the beginning.

3.5 Wind Speed and Direction

Wind is air movement over ground surface. There is
a direct consequence of the inequality of the ground
pressure between two areas. Wind is characterized by
direction and strength. Measuring the wind direction
using the wind vane and represents the wind direction
from the north. It is expressed in degrees or pink
letters (360° or north, 270° or west). The anemometer
measures the wind speed and weather vane shows
wind direction. Two units are used, and the only logic
is obviously the speed in meters per second (m/s). But
in aviation, knots (kt) and foot (ft) are also used to
characterize the wind speed.

During the year, the prevailing wind in N’zerekore
is westerly (W) with an average speed of 2.6 m/s
(Fig. 15). But during the day, the season, which often
dominates with light winds at night being quiet, strong

30

sSW

Fig. 15 Wind variability (1961-2014) in N’zerekore.

winds are observable at the beginning and end of the
rainy season. These strong winds often accompany
thunderstorms. It is believed that the action of the
harmattan is sensitive to this region and this action

tends to increase as the forest is degraded.
3.6 Variability of Agroclimatic Parameters

Seasonal weather and climate variations have a
significant impact on society, because of their effects
on water resources, environment and health, and more
directly on agriculture and food security. These
variations can significantly diminish agricultural yields.

The components of the largest rainfall regime in
agricultural applications field are: start dates, end
dates and lengths of growing seasons, the distribution
of rainfall events (dry sequences, the number of rainy
days) during the crop season, and seasonal totals.

3.6.1 Annual Total Rainfall

The standardized anomalies of annual totals rainfall
(Fig. 16) indicate three major periods: a wet period
(surplus) from 1931 to 1977, a deficit period (dry)
from 1978 to 1993 and interannual variability period
from 1994 to 2014. Annual and seasonal total rainfall
decreases with slopes (straight line regression) of
-0.891 and -0.532, respectively. Annual rainfall totals
have a downward trend with slopes (linear regression
of -0.89).

SE
H Freguency

=Mcan spocd

W: westerly; S: southerly; E: easterly; N: northerly; SW: southwester; SE: southeaster; NE: northeaster; NW: northwester.
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Fig. 17 Growing season rainfall total (RTGS) in 1931-2009 in N’zerekore.

3.6.2 Rainfall Total of Growing Season

The standardized anomalies of rainfall total of
growing season (Fig. 17) indicate three major periods:
a wet period (surplus) from 1931 to 1977, a deficit
period (dry) from 1978 to 1993 and interannual
variability period (1994-2014). Seasonal rainfall totals
have a downward trend with slopes (linear regression
of -0.532). Thus, there are, on the one hand, the excess
period 1950-1969, and inconversely, the 1970-2000

period which is generally dried.

3.6.3 Growing Season Beginning Date

For southern observatories in Guinea (area below 8°
N latitude), the growing season begins after March 15,
from which a total rainfall at least 20 mm is recorded
in 1-3 consecutive days without dry period exceeding
10 d in 30 d [1]. Then, the rain installation date and
the rainy season length are two essential parameters
for agriculture, since they determine, on the one hand
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the sowing date, and on the other hand the duration of
the period during which the crops can benefit from
rainfall, regardless of water-supply conditions of that
period.

For northern observatories in Guinea (area under 8°
N latitude), the growing season begins after May 1,
from which a total rainfall at least 20 mm is recorded
in 1-3 consecutive days without dry period exceeding
10 d in 30 d follow [1].

The starting dates of growing season are equally
positive slope at 0.038 (Fig. 18). This value is positive,
meaning that the growing season starting dates deviate
increasingly late. In the series studied, growing season
beginning dates are between the 75th and the 119th
day of the year, i.e., between March 15 and April 28.
Early start dates of the growing season are registered
before March 15 (the 79th day of the year) before the
33rd percentile’. As for late starts, they are recorded
after March 26 (the 86th day of the year), after the
66th percentile. The period between the 33rd and 66th
percentile is the average period of the growing season
start in N’zerekore.

The analysis shows also that 36% of years in the
studied series have an early start of growing season,
35% of years have had a normal start and 29% of
years have had a late start. In the wet period
(1931-1977), 40% of the years have had an early start
of growing season against 28% late start. However, in
the dry period and rainfall variability period, there are,
respectively, 25% and 33% of early start of planting
season against 50% and 19% of late start.

Compared to the reference period, there are two
periods of early start growing season (standard
negative anomalies): 1931-1944 and 1955-1976, two
periods of late start (standard positive anomalies):
1945-1954 and 1977-1993, and a start-up period more
or less variable that goes from 1994 to 2014.

2 A percentile (or a centile) is a measure used in statistics
indicating the value below which a given percentage of
observations in a group of observations fall. For example, the
33rd percentile is the value (or score) below which 33% of the
observations may be found.

3.6.4 Growing Season End Date

In the series studied, the length of the growing
season is between October 15 (the 289th day of the
year) and December 20 (the 355th day of the year)
(Fig. 19). It was found that in Togo, in the rain season,
growing season takes end in October [18]. Early end
for the growing season is registered before November
10 (the 315th day of the year), before the 33rd
percentile. As for later use, it is recorded after
November 22 (the 327th day of the year), after the
66th percentile. The period between 33rd and 66th
percentile is considered average period for the
growing season end in N’zerekore.

But between 1931 and 2014, 36% of growing
seasons had an early end, 19% were normal and 45%
were delayed. Compared to the reference period
1961-1990, analysis of standard indexes shows a late
period end (positive standard index) of the cropping
season from 1931 to 1969, an early end period
(negative index) of the growing season from 1970 to
1989 and a fine variability period of growing season.

There is also a regression coefficient (slope) of the
linear regression of the end dates of the agricultural
season of 1931-2014 equal to -0.0462. This value is
negative, meaning that the end of growing season
becomes from time to time early.

In the so-called wet period (1931-1977), 32% of the
crop season have an early end against 49% of later end.
As for dry periods (1978-1993) and rainfall variability
(1993-2014), they record 38% and 43% of early end
growing season against 50% and 33% of late end
season. After September 1, a ground capable to
containing 70 mm available water is completely
exhausted by daily loss of 5 mm evapotranspiration.

The total amount of rainfall was registered between
the date of beginning of the season and the end date of
the season. The annual total rainfall was recorded
from January 1 to December 31.

In order to highlight the main features of change
and variability in rainfall patterns and its components
to strong intra seasonal agricultural impacts, the
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Fig. 19 Growing season end date (GSED).
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climatological normal of 1961-1990 period, according
to World Meteorological Organization, is used in
studies of variability and climate change [19-21]. Thus,
this normal period was considered in the statistical
analysis [22] as Eq. (1):
Index of Lamb / = (Xi — X)/o )

where, [ is the standardized anomaly (index Lamb), Xi
is the variable (rain) of interest for the time (i), X is
the average of the reference period considered, o is the
standard deviation of the reference period.

3.6.5 Growing Season Length

Growing season length is the difference of growing
season end date and growing season beginning date.

From 1931-2014, the lengths of the growing season
range from 195 d to 289 d, for 6-10 months (Fig. 20).
Analyses show a shortening of the overall length of
growing seasons due to late start and early end of
growing seasons. The linear regression line of the
growing season lengths of the series studied gives a
coefficient of regressions of -0.100, meaning the
seasons becoming shorter.

Compared with the reference 1961-1990, the length
of the growing season is longer in the period of
1931-1969 than the average of the reference period
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1961-1990. From 1970 to 2000, growing seasons are
in general short than the average of the reference
period. The period from 2001 to 2014 presents a
particular situation: alternating short and long growing
seasons without any periodicity.

3.6.6 Dry Sequences

The number of consecutive dry days during 50 d
after the beginning of the growing season ranges from
3 d to 13 d. The longest dry sequences after the
growing season start date are observed during the dry
period 1977-1994.

In general, the longest dry sequences after the
growing season start become shorter with a negative
regression coefficient of -0.0078. As for the number of
consecutive dry days, the longer of the period takes
into account the critical phases of heading-flowering
and ripening of crops varies between 4 d and 29 d.
The longer sequences have been recorded during the
dry period or deficit from 1977 to 1994.

3.6.6.1 Dry Sequences Periods at the Growing
Season Beginning

As the sequences of the growing season start, the
long recorded in critical to

sequences are

heading-flowering and maturation phases are becoming
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Fig. 20 Growing season length (GSL).
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shorter with a negative regression coefficient of
-0.0101.

The number of longest consecutive dry days during
50 d after agricultural season start date is considered
as dry sequences periods at the growing season
beginning. One day is considered as rainy day when
the total amount of rainfall is greater than or equal to 1
mm. They get by counting the number of consecutive
days without rain, i.e., the days between two rainy
days (Fig. 21).

3.6.6.2 Dry Sequences Periods at the Growing
Season End

The longest dry sequence in the season, that is to
say the period taking into account the critical
flowering-heading stages and maturation of crops, is
calculated from the 50th day after the date of season
beginning until the end date. For this purpose, 50 d
was subtracted from the average length of the growing
season (GSL mean), i.e., GSL_mean — 50, and in the
end, the length of the dry sequences was determined
over the remaining period of the average length of the
season (GSL_mean — 50) from the 50 d of start date of
the season (Fig. 22).

3.7 Agricultural Calendar

An important instrument in developing sustainable
agriculture technologies is systems analysis [23]. The
area between the amplitude and rain curves (C) is wet,
and it lasts in April, May, June and October.
Meanwhile, plants’ water needs are fully covered
(Fig. 23). March and November periods match the
pre- and post-wet periods (A). They are called
agricultural fields preparation or protection period,
according to the considered moment. In this period, a
sufficient quantity of stored heat in the ground helps
of grain germination.

The area between the thermal amplitude and
precipitations curves (B) corresponds to the very wet
period. It takes about three months (July, August and
September). In this moment, water excess in soil is

recorded and plants can not use it; groundwater

aquifers are fed, consequently waterways are filled
and floodplains are overwhelmed (floods cases). This
period should be avoided to make the harvest because
of the risk of diseases spreading and drying
difficulties associated with high humidity and frequent

rainfall and continuous.
4. Conclusions

Analysis of climate variability in Nzerekore shows
a variability of meteorological parameters as well as
the disruption of the beginning and the end of the
growing season. The analysis of precipitations
variability and the impact of warm and cold water
events on coastal precipitation for the period of
1931-2014 shows that agro-climatic parameters in
N’zerekore have high variability. From 1931 to 2014,
three major periods can be distinguished: a wet period
from 1931 to 1977, a dry period from 1978 to 1994
and rainfall variability from 1995 to 2014. That is a
direct consequence of climate change for which
mitigation is necessary.

The total rainfall for the growing season is
becoming weaker. Evaporation is increasing at two
dimensions: interannual and annual; that is a direct
consequence of climate change and forest degradation
in this region. The beginning of growing season
becomes late, while the end of growing seasons is
becoming increasingly early, hence the shortening of
growing season length. As for the longest dry
sequences, they become shorter. Increases in the
amount of precipitations are very likely in high
likely
subtropical land regions. Drought-affected areas will

latitudes, while decreases are in most
likely increase in extent. It is very likely that hot
extremes, heat waves and heavy precipitations events
will continue to become more frequent. Given these
projections of future climate change, there will be
increased land degradation owing to droughts and
increased soil erosion owing to heavy rainfall events.
Climate variability has thus played a significant role

in undermining economic development in Zambia in
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the past and will continue to do so in the future.

Further analyses of meteorological parameters
trends relationship and their possible causes are
needed and should be subject to future paper.

Thus, climate change may further exacerbate the
negative consequences of climate variability. There is
considerable scope and incentive, therefore, to invest
in irrigation and water management practices aimed at
of both

variability and climate change on Guinea’s economic

mitigating the adverse -effects climate

development. Climate change is a continuing problem

with the most significant warming still to come.
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