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Abstract. The data from several weather stations in Western Algeria show a semi-arid
Received 15.11.2018; climate during last decades. The entire study region showed a great variability in the
Received in revised form 11.12.2018; occurrences of the first and second rainy days in the year. This variability is associated
Accepted 28.01.2019 with a positive trend, showing a continuous increasing aridity in the south Mediterranean

and the late arrival of the rainy season is well marked. The rainy season in the north of
Algeria, spreads from September to June. The origin of the rains differ according to the seasons. The rainfall from June to October is
of localized stormy origin, whereas in winter, the rainfall comes from the classical atmospherically perturbations arriving from North
or North West.
This work objective was to give a definition of the rainy season onset and to show its inter - annual variability according to the Nifio
and Nifia years. The El - Niflo phenomenon by its positive and negative phases seems to affect the start of the rainy season. The
variability of the rainfall onset indices is very significant. There is a relative stability of the rainy season length over the long term
period. A significant delay in the precipitation onset was observed during certain years. A method to define rainy season onset based
on daily rainfall data from a weather station in the Algerian highlands was proposed. This approach is based on a climatic point of
view, using a frequency analysis of precipitation and dates of their first occurrence. It delays the first heavy rain day (20 mm) when
La - Nifia settles. If EL-Niflo settles, the first heavy rain (20 mm) day will be earlier. These results will improve the probabilistic
forecasts of the beginning of the rainy seasons, the cessation as well as the lengths. This work is a preliminary confirmation that the
El-Nifio phenomenon really affects the Mediterranean climate.
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BusiBjieHHsI MO4YaTKy BHUNAJaHHS ONaJiB /sl MeTeOpPOJOTiYHOr0 BMKOPHCTAHHS B pPerioHi
AJKHPCHKOT0 Harip's
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AHoTauig. /[aHi JEKITPKOX METEOCTaHIIH Ha 3ax0Ai AJDKHPY JAEMOHCTPYIOTh HAMIB3aCYIUIMBUIN KIIMAaT OCTaHHIX JECATHPId.
[ToBHOMAacIITaOHE TOCHTIIKEHHS PEriOHY 3aCBiJUUIIO BEJIMKY MIHIUBICTH y MPOsiBAaX IMEPIIOTo i APYroro MOIIOBUX JHIB HA MPOTS3i
poky. Llst MiHTHBiCTh TIOB'I3aHa 3 TO3UTUBHOIO TEHJCHIIIEIO, IO CBITYUTH MPO MOCTiHHE MiJBUIICHHS MOCYIUTHBOCTI B MiBJACHHOMY
CepenzemHOMOp'i 1 Tpo mi3Hil HAacTyn ce3oHy nomiB. Ce30H [OIIIB HAa MiBHOYI AJDKUPY, MOIIUPIOETHCS 3 BEPECHS IO YSpPBEHb.
[ToxomKeHHsT HOWIIB PO3PI3HAETHCS B 3aJEKHOCTI Bif ce30Hy. Omagym 3 4epBHS IO JKOBTEHb MAlOTh JIOKAIBHE IITOPMOBE
HOXO/DKEHHsI, B TOW 4Yac SK B3UMKY ONaAd HAAXOIATh 3 KIaCMYHMUX atMocdepHHx 30ypeHb, mo npubysatoTh 3 I[liBHoui abo 3
miBHIYHOTO 3axoay. Mera miel poboTH mosiraina B TOMyY, 1100 HaJaTh BU3HAYCHHS ITOYATKy CE30HY JOMIIB i MOKA3aTH HOTO IOpIYHY
MIHJIUBICTE B 3aiexHocTi Bi pokie Enp Hinpo i Jla Hiups. SBume Enp - HiHbo cBOIMH TO3WTHBHUMH 1 HETATHBHUMH (a3aMu
MO3HAYAETHCS HA MOYATKYy CE30HY JOIIiB. BapiaOenbHicTbh MOKAa3HMKIB MOYATKY JOLIB JyXe 3Ha4yHA. ICHye BigHOCHA cTabilbHICTH
TPUBAJIOCTI CE30HY JOIIIB B OBFOCTPOKOBIM MepcrekTHBi. B okpemi poku crocrepiranacs 3Ha4Ha 3aTPUMKA MOYATKY BHITAIAHHSI
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omaniB. Buxonsuu 3 maHuX Ipo IMOJEHHI ONajgy, OTPHMAHUX 3 METEOCTaHIl B aJDKUPCHKOMY Harip'i, OyB 3anpONOHOBaHUH METOX
BU3HAUEHHS MOYATKY CE30HY AOIIiIB. Takuii miaxix 3aCHOBaHUM Ha KJIIMaTWYHIN TOYI 30pY, 3 BAKOPUCTAHHIM YaCTOTHOTO aHAIi3y
omasiB i gaT ix mepmoi mosiBu. BapiaGenpHiCTh MOKAa3HUKIB IMOYATKY AyKe 3Ha4Ha. Lle 3aTpumye mepmmmii feHs cunbHoro oy (20
MM), Koii o3HavyaeThes Jla - Hinps. Skmo noznavaerscst Enp-Hinpo, To neprmmit cunbaui qom (20 MM) BUnagae Ha 100y paHimie.
L1i pe3ynpTaTi 1O3BOJATH MOMIMINTH IMOBIPHICHI IPOTHO3M NOYATKY, TIPUITHHEHHS, @ TAKOXK TPHBAJIOCTI CE30HY JOIIIB.

Kurouogi cnosa : memeoponoeis, noeooa, Ene-Hinvo , onaou, npoeros

Introduction. Knowing the beginning and end
dates of the rainy season has always been a crucial
issue in many parts of the world, especially
countries whose agriculture depends on rainfall. A
great number of works have been done on this
subject for sub-Saharan and part of tropical Africa
(Dodd and Joliffe, 2001; Camberlin and Diop,
2002, Balme et al., 2005). The question was not
important for our regions because the crop sowing
dates in the South Mediterranean were quite well
mastered. This old practices was valid until the
last observed fluctuations and climatic trends
(Benaichata et al., 2016). However this work
begins to reveal variability in the start of the rainy
season. This observed disturbance of the rainy
season is not without effects on crop productivity
(Seck et al., 2005). During recent years it was
fixed a large variability of rainfed crops yields in
several regions (Essotalani et al., 2010). Naturally,
these yields are well correlated with the annual
rainfall variability (Marteau et al., 2010, Marega,
2016.). Hence there is an interest in knowing the
dates of the beginning of the rainy season. The
methods for determining these dates can be
considered, from the agronomic, hydrological and
atmospheric point of view by considering the
installation of the meteorological action centres
and the arrival of different meteorological
perturbation types. It was defined the beginning of
the rainy season as the first occurrence of 20 mm
of rain in 2 consecutive days for the sub-Saharan
regions (Stern, 1982). However, in Mediterranean
region and especially in regions with arid and
semi-arid climates, rains usually last less than 5
days with low intensities. The criteria applicable
to sub-Saharan regions are not valid for our
regions. This study is much more interested in the
installation of the rainy season for the benefit of
cereals and the criteria for the onset of the rainy
season are based in this case on the analysis of a
survey filled by farmers in the highland region of
western Algeria. Several works are carried out in
this direction for the sub-Saharan regions (Benoit,
1977; Cook and Heerdegen, 2001). One case
study has been done for the Mediterranean regions
with the exception of a synthesis (Aviad et al.
2004).The farmers of the Mediterranean regions
did not worry about the variability of the rainy

season onset and work with inherited dates of
sowing. At the same time the rainy season length
is important in sub-Saharan regions. All the
definitions used for West Africa were summarized
with Fitzpatrick et al. (2015). According to Belaid
(1996) and depending to the agro-climatic zone,
the optimum sowing period is between 15 October
and 15 November. However, following a survey
analysis, we found that after the 2000s, they
observed late dates of onset. Hence there is a need
to study the variability of these onset dates. The
determination of the beginning of the rainy season
was based on (I) the occurrence and cumulative
precipitation in three days after 1 September, (I1)
the number of days without rain between these
first three days of rain and (111) the day where the
cumulative rainfall amounted is equal to 20 mm.
The example taken here is the for Tiaret weather
station (35.34N, 1.46E). It is known that El Nifio
— southern oscilation (ENSO) is the dominant
mode of variability over the Pacific Ocean and
effects the sources of fresh water upon which
millions of people rely (Curtis, 2008; Trenberth
and Hoar, 1997). El Nifio and La Nifia event
cause droughts and floods over different parts of
the globe and have strong impact on the
economies of the countries they affect
(Hapuarachchi and Jayawardena, 2015). The
objective of this work was to give a definition of
the rainy season onset and to show its inter -
annual variability according to the Nifio and Nifia
years.

Materials and methods. In this study, we used
archived data from international centres that
collect hourly data transiting, through the Global
Telecommunication System (GTS). Even though
these data are not fully controlled or corrected
before being transmitted in messages (METAR
and SYNOP), we have found that they are
acceptable for our study. To achieve this work,
more than 30 years (1990-2017) daily data are
downloaded from the National Oceanic and
Atmospheric  Administration (NOAA) website
(www7.ncdc.noaa.gov/CDO/cdo). As  already
mentioned above, the first months of the rainy
season have seen a great inter-annual variability
with high coefficients of variation values and
slopes signs changes (Fig.1).
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Fig. 1. Changes in precipitation of SOND months

The rainy season in the north of Algeria,
spreads from September to June where the origin of
the rains differ according to the seasons. The
rainfall from June to October is of localized stormy
origin, whereas in winter, the rainfall comes from
the classical atmospherically perturbations arriving
from North or North West. Climate data are
available mainly in meteorological services for
researchers at excessive prices. We considered only

Table 1. Tiaret daily rainfall in 2015 (Data Source: NOAA)
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the months starting from September to December
to determine the beginning of the rainy season. The
rainy season is installed only if the daily
precipitation has exceeded a rainfall threshold (0.1
mm). The number of days without rain between the
first three rainy days does not exceed 15 days and
that the cumulative rainfall has exceeded 20 mm.
Results and discussion. The amounts of daily
precipitation are set out in the Table 1.

Days | Jan Feb Mar | Apr | May | Jun | Jul | Aug | Sep Oct | Nov | Dec
1 * 149 * * * * * * * * * *
2 * * * * * 102 * * * * 711 *
3 * 0.25 * * * * * * 11194 * 102 | *
4 * 305 * * * 711 * * * * * *
5 * 508 * * * 508 * * * * * *
6 * 406 * * * * * * * * * *
7 * 102 * * * * * * * * * *
8 * 406 * * * * * * * 1499 * *
9 * * * * * * * * * 2692 * *
10 * * * * * 102 * * * 102 * *
11 * * * * * * * 203 * * * *
12 * * * * * * * * * * * *
13 * * * * * * * * * * * *
14 * 2.03 * * * 1102 | * * * 6.10 | * *
15 * 025 * * * * * * * * * *
16 * 787 * * * * * * * * * *
17 051 203 * * * * * * * * * *
18 1.02 3.05 * * * * * * * 305 | * *
19 2.03 0.2 * * * 1025 | * * * * * *
20 7.87 * * 1051 * * * * * * * *
21 2.03 7.87 * * * * * * * 2.03 * *
22 9.91 991 | 203 | * * * * |1 * 1397 | 889 | *
23 2.03 2.03 * * * * * * * * 1051 *
24 * * * * 203 * * * * * * *
25 * 203 | 203 * | 711 ] * * * * 305|203 | *
26 * 203 | 508 | * |508] * * 1051 * 0.51 * *
27 * 305 | 203 | * * * * * * 7.87 * *
28 * 610 * * * * * * * * 203 *
29 * * * * 076 * * * * * * *
30 * * * 1076 | * * * 6.10 * * *
31 * * * * * * *
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The stars represent the days without rain
and the values are the daily amount of
precipitation in millimetres. This table is an
example of daily precipitation datasets (year
2015). We see that the first day of a quantifiable
rainfall amount (> 0.lmm) corresponds to
September 3.

The first day exceeding 10mm matches
with the first day of rain. The first day of rain
exceeding 20mm corresponds to October 09 ™.

The day where the cumulative rainfall exceeding
20 mm coincides with October 08" 2015 year.

There is more than 20 dry days between the
first and the second rainy days. We guess that the
first rainy day does not correspond to the
beginning of the rainy season and can’t be
considered in the 20mm cumulating.

In our example the rainy season started on
the 08™ or the 09™ of October 2015 year (Fig. 2
and 3).
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Fig. 2. Illustration of the 10 and 20 mm thresholds (red horizontal lines)
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The black vertical lines correspond to the
Julian days that coincide with the threshold (red
horizontal

line). According to Figure 3 the
cumulative 20 mm correspond to October, 8"
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(starting of the rainy season).
The dates of occurrence of the first and
second rainy days are shown in figures 4 and 5.
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Fig. 5. Dates of occurrence of the second rainy days

The analysis of the curves of the first and
second days with measurable amount (>0.1mm)
shows that there is a great inter-annual variability
of these dates. We also found that there is a
positive trend of these dates. This trend can be
explained by the fact that the onsets of the rainy

1995 2000 2005 2010 2015 2020

Years

seasons are later in recent years, confirming the
work of Ati et al. (2002). The data on variation of
the first cumulative rainfall dates reaching 20mm
and dry sequences separating the 2 first rainy days
are shown in figures 6 and 7.

320
|

Julian Days

2000 2005

Years

Fig. 6. Variation and trend of the first cumulative rainfall dates reaching 20mm
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The interpretation of the curves in fig.6 and
7 shows the inter-annual variability of the first and
second rainy days as well as the positive trend of

their regression lines. These figures clearly show a
shift after the year 2000, in the beginning of the
rainy season.
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Fig. 7. Variation and trend of the dry sequences separating first and second rainy days.

Fig. 7, explains the time lag to reach a
cumulative rainfall amount of 20 mm at Tiaret
weather station. It was shown the increase in the
number of false alarms of the annual precipitation
onset. This great variability was reported by
Reiser and Kutiel (2007).

A logistic regression was used to find a
relationship between the beginning of the rainy
season and the EI-Nifio/La-Nina phenomenon,.
The logistic regression is widely used in many
areas (Adams and Lawrence, 2019).

Other ways use this approach to look for
association  between onset variability of
precipitation and equatorial ocean temperatures

Table 2. Modalities and significance of the variable ONI

(Joseph, 1994). This analysis aims to explain and
predict the values of a dependent variable Y
(starting date of the rainy season), from an
independent variable X representing the Oceanic
Nifio Index (ONI) modalities (Cornillon et al.,
2012).

The ONI index data are available at:
http://ggweather.com/enso/oni.htm. Since the ONI
index is considered here as an explanatory
qualitative variable with 7 modalities (Table 2),
we applied a logistic regression to note how
modalities and significance of the variable ONI
correspond to El Nifio and La Nina.

Modality Signification
WE Weak EI Niiio
ME Moderate El Niiio
SE Strong El Niiio
VSE Very Strong El Nifio
WL Weak La Niia
ML Moderate La Niia
SL Strong La Niiia

The results for the two explained variables:
(1) First 10 mm precipitation and (11) First 20 mm.
Note that other methods are used in the search for
remote connections between El nifio and climatic
parameters (Camberlin et al., 2001).

The logistic regression is applied to the
dates of the first rainy day with 10mm as a
variable to be explained and the ONI index as an
explanatory variable. The results obtained from

this analysis are grouped in Table 3 using R-
language.

According to Table 3, the first yearly days
with 10mm precipitation are negatively affected
by El-Nifio and Very Strong El-Nifio (WE and
VSE) at 5% significance level. This can be
explained as follows: The first rains up to 10mm
will be relatively early in years when the El Nifio
phenomenon sets in.
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Table 3. Analysis of the effect of EI-Nifio phenomenon on the dates of the first rains up to 10 mm by logistic regression

Modality Estimate =+ std. error T value Pr(>]t|)
(Intercept) 300.5 +14.3 20.99 <0.001
ML -31.2+18.5 -1.69 0.143
SL -8.5+24.8 -0.34 0.743
VSE -48.5+20.2 -2.40 0.054
WE -47.5£18.5 -2.57 0.042*
WL -1.5+£24.8 -0.06 0.954

The analysis shows that the first days with
this type of rain is positively affected for the first

rains up to 20mm by La-Niiia (Table 4)

Table 4. Analysis of the effect of the EI-Nifio phenomenon on the dates of the first rains up to 20mm by logistic regression.

Modality Estimate Estimate + std. T value Pr(>|t])
error
(Intercept) 271.0+£14.2 19.14 <0.001
ML 17.0£20.0 0.85 0.4853
SL 59.0+20.0 2.95 0.0985
VSE 0.5+17.3 0.03 0.9796
WE -14.5+¢17.3 -0.84 0.4911
WL 61.0+20.0 3.05 0.093

The statistical significance is not proven at
5% threshold, but can be acceptable at 10%
significant level. If we accept this result it can be

explained by the fact that the first daily heavy
rains of 20mm are late when La - Nifia years is set

up.
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Fig. 8. Deviation of cumulative precipitation between SOND and JFMAM season

The Fig.8, compares the cumulative
rainfall totals for the months from September to
December with the months from January to May.
We note on this figure that during some years, the
cumulative rainfall from January to May exceed
the cumulative rainfall from September to
December. During these years the start of rainy
season are delayed with droughts. This figure
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suggests in the future to compare this oscillation
with the Nino years.

Conclusion. In general, several weather stations
in Western Algeria show a semi-arid climate in
their data. The entire study region showed a great
variability in the occurrences of the first and
second rainy days in the year. This variability is
associated with a positive trend, showing a
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continuous increasing aridity in the south
Mediterranean and the late arrival of the rainy
season is well marked. The El - Nifio phenomenon
by its positive and negative phases seems to affect
the start of the rainy season. It delays the first
heavy rain day (20 mm) when La - Nifia settles. If
EL-Nifio settles, the first heavy rain (20 mm) day
will be earlier. These results will improve the
probabilistic forecasts of the beginning of the
rainy seasons, the cessation as well as the lengths.
Note that the bibliography is very rich in terms of
definitions of the start and end of rainy seasons
but the use of logistic regression is not very
widely used in climatology. This work is a
preliminary confirmation that the EI-Nifio
phenomenon really affects the Mediterranean
climate.
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