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Abstract

The Earth’s climate was never stable in the previous millions of years. This was confirmed by the
variations in temperature and precipitations, since they are considered to be the most impacted climatic
parameters. The research in the field of he paleoclimatic proxies was able to identify different climatic
stages of the Earth’s history, as well as the natural factors responsible for these changes (the milankovic
parameters).

This is the case of the Noun Seyad basin, which was well exploited by these researchers, which made it
possible to have a general help on the paleoclimate of the basin in the holocene and pleistocene periods,
The objective of this study is to identify recent climate changes in our study area, between 1901 and 2018,
also to highlight the role of anthropogenic activity in these changes using statistical studies of temperature
and precipitation.
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Introduction:

Since the upper Pleistocene the Earth’s climate has undergone changes illustrated by the alternation of the
glacial and interglacial periods, likewise at the level of Morocco, these changes were marked by several
paleoclimatic controls.

The Noun Seyad basin, located in the anti-western atlas, was the subject of several paleoclimatic studies,
taking into account the dating of travertine deposits in order to reconstruct the evolution of river systems
upstream of the basin (case of Oued Assaka) [1]. The dating of some gastropods of sultanas deposits below
the basin (Taghjijt) allowed us to have a help on the paleoclimate of basin [2]. This showed that it has
undergone several changes with alternation between wet and solid phases since the Pleistocene. The
periods of ordinary operation of the arid and semi-arid river system seem to be around 45 ka, between 30-
17 ka and during most of the Holocene [3].

Also the radiometric dating of certain fluviatile travertine at the anti-atlas allowed the detection of
successive wet phases illustrated by a concretional travertine which also involved the variation of
hydrological parameters, with an abundance of precipitation [4].

Most reports indicated an alternation between the wet and dry phases at the anti Atlasic zone, with a
discussion surrounding the dating and the precise identification of these periods. We support the approach
of Alimen [5], which supposed that the Atlasic zone has known two humid periods since the upper
Pleistocene, one at the level of the upper Pleistocene about 40000 to 18000 in Bp, and another period at
Holocene level about 9000 to 3370 in Bp.

IJFMR240630643 Volume 6, Issue 6, November-December 2024 1



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

The recent climate is the most impacted by climate change given the human anthropogenic activity that
amplified the emissions of greenhouse gases which then introduces a global warming on the Earth.

In our study, we will try to investigate the various recent climate changes in the Noun-Seyad basin in order
to show the impact of anthropogenic activity on the climate in this basin from 1901 to 2018.

Presentation of the study area:

The Noun-Seyad Basin is located in the western anti-atlas basin that is bounded by the Taissa buttonhole
in the south and by the Bani mountain chain in the west, and the Akhssas limestone plateau in the north,
and by the Atlantic Ocean and the Ifni massif in the east. The total area is around 6,873 km2 with a
perimeter of 592 km. The topography of the basin comprises high-altitude mountainous terrain with a
maximum value of 1,495 m and a low pression area with values of 16 m.
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Figure 1: Geographical Situation in the Noun Seyad basin

Climate:

The climate of the basin is semi-arid, in which the interannual rainfall is between 100 mm and 200 mm.
The precipitation map (Figure 2) shows a spatial irregularity of precipitation given the disposal of the anti-
atlasic chain which forms a barrier against rainy pressions from the north and west (wind sheltering) [7].
We note that rainfall is very important in the mountainous zone of limestone plateau of Akhssass and north
of Ifran and at the level of Ifni massif contrary to the zone of Bani where the drought has just settled. The
rainy season starts from October until the end of February.

The arrangement of the anti-atlasic chain forms a barrier against rainy pressions coming from the north
and west (wind sheltering) [7] and this is caused by the heterogeneity of precipitation according to three
Zones :

= Bani area: low rainfall.
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= The limestone plateau and the Ifni massif: significant rainfall.
= The plain of Guelmim and low Daraa massif: average rainfall.
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Figure 2: Noun Seyad basin rainfall map

Temperature:

The mean temperature in the Noun Seyad Basin increases from the northwest to the southwest away from
the Atlantic Ocean, with a difference of 12 C°. The average annual temperature is around 21°C at
Guelmim. The maximum monthly average is 35°C to 36°C in the summer, with peaks exceeding 38°C.
The minimum temperature drops to 10°C in winter, sometimes to 7°C. Data on temperatures at Guelmim
are presented in the following graphic:
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Figure 3: Monthly temperature distribution in the Guelmim station

IJFMR240630643 Volume 6, Issue 6, November-December 2024 3



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

Bioclimate:

The interference between the mountain and Mediterranean climate and the desert climate in the Noun
Seyad basin reflects on the distribution of plant species. The woody plants gather in this area in the form
of matorral shrubs whose vegetation is degraded by grazing [7]. This consists essentially of a stand of
cedar (Tetraclinis articulata) well limited to the limestone plateau, the argan tree (Argania spinosa) is the
most abundant species in the greater part of the basin. Argania spinosa forest is denser in the north of the
basin and more degraded and dispersed towards the south and east (Map 3), this is generally due to the
arid climatic conditions in the eastern part of the basin.
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Figure 4: Noun Seyad Basin Vegetation Map

The steppes cover more than 80% of the bassin area, it is generally formed by species such as: Ephorbia
beaumierara (daghmous), Euphorbia echinus (daghmous), Euphorbia regis  (jugal), Senecio
anteuphorbium, Wormwood (CHIH), Peganum Harmala (HARMAL) Salsola sp (Remth). The long profile
from the west of the basin to the east (Figure 3) shows the different vegetative groups of the Noun Seyad
basin, in fact, the vegetation is well degraded in the plain areas, because of desertification, increasing
demographic pressure and pastoral activity[8].
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1 : Euphorbia echinus, E. regis-jubae and many other macaronesians . 2 : argania , Euphorbia echinus, E.regis-jubae andWarionia
saharae ; Genista ferox above 600 m, 3 : Quercus ilex et Arbutus unedo. 4 : argania et Euphorbia echinus, Genista ferox
(ubacs), locally Artemisia incuita. 5: Thuya and Euphorbia echinus. 6 : Hammada scoparia, Convolvulus trabutianus and many
other macaronesians ; argania in the beds of wadis . 7 : Hammada scoparia, Convolvulus trabutianus andArtemisia inculta,
locaily argania and Ighermia pinifolia. Olea maroccana (ubacs). 8 : Hammada scoparia, Convolvulus trabutianus anddesert flora,
Acacia raddiana locally. 9 : Hammada scoparia, Convolvulus trabutianus and desert flora, Acacia raddiana, A. ehrenbergiana,
Batanites aegyptiaca, Maerua crassifolia et Panicum turgidum.

Figure 5: Distribution profile of plant species from west to east of the basin

Methodology:

We used a methodology developed by Z. NOUACEUR, which consisted in the statistical processing of
rainfall and thermal data using the Chronological Information Processing Graphical Matrix (MGCT]), of
the "BERTIN matrix" type [9].

In the first step, a statistical treatment of the annual precipitation of several scattered stations over the
study area made it possible to calculate the dispersion parameters indicating how far the values of a
distribution generally deviate from the central reference value (measures of statistical dispersion with
reference to the quantiles Q1, Q2, Q3 and Q4).

Subsequently, the table of annual precipitation (Pa) was copied giving the value of 1 for a very dry year
(Pa< Q1) and a value of 5 for a very wet year (Pa > Q4) Tab 1:

Pa<Ql Ql<Pa< Q2<Pa< Q3<Pa< Pa>Q4
Q4

Q2 Q3
Code T | B :

Climateclass  Very Dry Dry Normal very wet

Table 1: Annual precipitation recoding

So, the numerical table will be transformed into a graphical table with intensity classes in order to examine
the relationships between rows and columns.

To determine breaks and characteristic periods, a second procedure was implemented. The sum of the
numbers of all the stations for each year was centered reduced, which allowed us to obtain an index that
also varies from infinity for a very wet year to less infinity for a very dry year.

The projection of the result on a graph allowed us to see the evolution of the phenomenon at a regional
scale and to determine the dates of breaks and change of trend.

The same method was applied to the temperature data to determine their evolution over time, and to
produce the temperature matrix adopting the following statistical parameters:
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Pa<Ql Ql<Pa< Q2<Pa< Q3<Pac< Pa > Q4

Code | 1 5

Classe de Very hot Very fresh
climat

Table 2: Annual average temperature recoding

The used data:

Given the inadequacy and irregularity of the rainfall and thermal data at the level of the Noun Seyed basin
and in order to cover a large period of time, the CRU TS4.04 data [10] was used
(https://crudata.uea.ac.uk/cru/data/hrg/cru_ts_4.04/).

This database was created from monthly observations in weather stations across the world’s lands. Station
anomalies were interpolated into 0.5 latitude/longitude grid cells covering the Earth’s surface and
combined with existing climatology to obtain absolute monthly values. [6]

In our case, we used data from the six cells (zones) that cover our study area as shown in Figure 6:
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Figure 6: The division of the basin according to the areas (cells) of data used
To verify the feasibility of the data, a correlation was made between the actual measurements of the
meteorological station of Taghjijt and the data estimated by the model.
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Figure 7: Correlation between actual climate data and those estimated by the CRU model
We noted that the correlation index was equal to 0.66, which showed the significance of the results,
especially since we worked over a large period.

Presentation of results:
After completing the various steps, the results are presented by the following figure:
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Figure 8: the MGCTI matrix and the standard rainfall index between 1901 and 2018

Based on the MGCTI matrix, the alternation between wet and dry phases was clearly marked in the Noun
Seyad basin. This pattern allowed the current climate to be divided into the following periods:
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From 1901 to 1920, there was a wet period with three exceptional years (1903, 1910, and 1913) that
experienced low rainfall. This was followed by a dry period from 1921 to 1938. Then, from 1939 to 1956,
there was an unstable period characterized by the interaction between rainy and dry years. From 1957 to
1961, the region experienced a strictly dry period.

Between 1962 and 1972, there was a wet period with very heavy rains. This was followed by a short dry
period from 1973 to 1975, after which a wet period occurred from 1976 to 1980. The region then
experienced another dry period from 1981 to 1986, followed by a wet period from 1987 to 1989.

From 1990 to 1994, dry conditions prevailed again, followed by a wet period from 1995 to 1998. From
1999 to 2008, there was a dry period with only one rainy year. Between 2009 and 2011, the region
experienced a wet period once more, followed by a dry period from 2012 to 2018, except for the year
2014, which saw very heavy precipitation.

This detailed analysis of climatic phases in the Noun Seyad basin highlights the significant fluctuations in
precipitation over more than a century, demonstrating the complex interplay of wet and dry periods that
have shaped the region's climate.

In the light of these results, we concluded that the impact of short-term climate change is well
demonstrated in this basin by the heterogeneity of precipitation. The MGCTI matrix showed that the
distribution of the wet and dry phases during the 117 years study was irregular. Whereas before 1981, the
rate of the wet years was almost equal to the rate of the dry years. This situation was no longer the same
from 1981 onwards, when we noted that the rate of dry years increases to 59% (Figure 9), so the drought
began to settle strictly in this basin from 1981.

1901-1980 1981-2018

W wet years W dry years B wet years W dry years

Figure 9: Comparison between wet and dry years
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Figure 10: the MGCTI matrix and the standardized thermal index between 1901 and 2018

The climate has been cold since 1901 until 1936 and then a warm period has settled from 1937 until 1950,
then the cold climate returns from 1950 to 1980, and from 1981 the warming begins in this region at first
with an intermediate period between the years 1981 and 1993, and from 1993 until present the climate
was strictly warm. This was well marked in the graphic (Figure 11), which showed that 81% of the years
between 1901 and 1980 are cold and 19% of the years were warm. The cold climate was the most dominant
until 1980. By contrast, from 1981 until 2018 the warm climate was dominant. Indeed, 84% of the years
was warm and only 16% of the years was cold compared to the average annual temperatures.

1901-1980 1981-2018

‘ = fresh years ' = fresh years

= hot years = hot years

Figure 11: Comparison between cold and warm years
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Discussion:

The climate of the Noun Seyad basin is very particular because of its geographical situation, which
includes mountain and sub-network zones. The analysis of precipitation by the MGCTI matrix showed
the presence of rain breaks, this raises the question of the origin of these ruptures. In order to remedy the
problem, considering that atmospheric pressure was the agent responsible for the rainy conditions, we
compared the North Atlantic Oscillation Index (NAQO) and the SRI (Standard Rainfall Index) of our study
area ( graphic 1):
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Figure 12: SRI and NAO Index Graph
We noted that there was an oppositional relationship between the SRI and ONA, while precipitation
increased when the ONA and negative index and this implies a shift of depurations from north to south of
the Atlantic Ocean. It is the general state of Morocco in the North Atlantic Oscillation and the main
influencer of climate [11].
After presenting the thermal results we noticed that the basin was entering a period of warming from 1981
as indicated in the Figure 13.

I reduced thermal deviation e HadCRUT4 temperature anomaly index

N O N N = N OO N NN = N MmN o N MmN o N o0 MmN o3 mn o MmN
O O O d d N N N o0 on & < & ;1 1n O © O NN 600 60 0 O OO © © O « o
a OO O O O O O OO 0O 0O OO 0O OO 0O 0O 0O 0o o 0O 0o oo oo 0o 0o o0 O O O o o
L I B = I T I D o B I o B B o I o o B B I 5 T o T B I B o I o IR o R . I o AN o\ N o VNN o I o\

Figure 13: the graph of the reduced thermal deviation and the thermal anomaly

We noticed that the centered deviation that was reduced of the annual temperature in the Noun-Seyad
basin vary in the same way as the HadCRUT4 temperature anomaly index [12] of the Earth’s northern
hemisphere. This showed that in our study area the cause of global warming was generally similar to that
of the northern hemisphere.

The earth in the present time has undergone a natural warming related to the parameters of Milankovic,
since we are in an interglacial period, and is also related to anthropogenic conditions that give rise to the
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greenhouse effect [13] , while the emission of greenhouse gases is bringing the planet into a worrying
situation, and this is well presented by the various predictive studies in which it is announced that the
warming will continue in the future according to several scenarios as indicated in the following figure
[14]:
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mean surface temperature

Global CO2 emissions reach net zero in 2055 while net
non-COz2 radiative forcing is reduced after 2030 (grey in b, c & d)

Faster CO2 reductions (blue in b & ¢) result in a higher
probability of limiting warming to 1.5°C

> []No reduction of net non-CO: radiative forcing (purple in d)
results in a lower probability of limiting warming to 1.5°C

Figure 14: Observed Global Temperature Variation and Modelled Responses to Stylized
Trajectories of Anthropogenic Emissions and Forcing [14]

Conclusion:

The Noun Seyad basin is a basin characterized by its particular situation, which has made it under the
effect of climate change on the spatial-temporal scale. Currently, precipitation is decreasing from the West
to the South-East, and the temperature increases as it moves away from the Atlantic Ocean towards the
Southeast.

In addition, the current climate over the past decade has seen a decrease in the rate of rainy years and an
increase in the rate of dry years, which makes it possible to say that this basin has entered a stage of
warming marked by the increase in annual temperature from 1981. It is likely that anthropogenic activity
and the industrial revolution on the earth’s surface have had a negative effect on the climate of this region,
as the duration of the dry periods will increase in the future. Likewise the temperature will continue to rise
under the influence of global warming.
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