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Introduction 

Morocco is among the five most floristically rich and diverse 
countries in the Mediterranean basin. This remarkable 

biodiversity is primarily attributed to its unique geographical 
position in the Atlantic Ocean, the Mediterranean Sea, the 
Sahara Desert and multiple mountain ranges that create 

favourable ecological conditions (1, 2). The country hosts 
approximately 4500 plant species, with an exceptionally high 
rate of endemism in mountainous regions (3). However, 

Moroccan ecosystems are increasingly vulnerable to the 
impacts of climate change, posing a significant threat to their 
stability and long-term sustainability. Recent studies have 

underscored the alarming effects of climate change on 
Moroccan forests, particularly those dominated by key 
species such as the Atlas cedar (Cedrus atlantica), cork oak 

(Quercus suber), cypress (Cupressus spp.) and argan tree 
(Argania spinosa). These forests face significant degradation, 
with the risk of transitioning into pre-forest, steppe, or even 

desert ecosystems (4, 5). Climate projections indicate a 
substantial decline in precipitation and a rise in average 
temperatures across North Africa, further accelerating the 

process of aridification (6). 

 Morocco has implemented various conservation 

measures to counter these threats, including establishing ten 
national parks, including Tazekka National Park (TNP) in the 

eastern Middle Atlas. Despite these efforts, TNP is under 
increasing ecological pressure. This park, characterized by a 
diverse mosaic of landscapes and forest ecosystems, is 

significantly affected by two significant factors: human 
activities and climate change (7, 8). Furthermore, 
overgrazing, deforestation and unsustainable agricultural 

practices contribute to habitat fragmentation, exacerbating 
the effects of climate variability (9). These pressures 
endanger the survival of many plant species, some of which 

are already at risk of extinction. Climate change, in particular, 
is expected to intensify bioclimatic constraints, potentially 
exceeding the adaptive capacity of many species in the face 

of new environmental conditions (10, 11). 

 Recent research in Morocco's semi-arid and 

mountainous zones has revealed growing climate-related 
pressures on plant ecosystems. Research documented 

significant vegetation decline in the Oued Lahdar watershed, 
linking this degradation to decreasing rainfall patterns and 
soil deterioration (12). Research indicates that Morocco's 

Tensift region captured measurable climate-driven vegetation 
changes, indicating these ecological transformations may 
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Abstract  

Since the beginning of the 20th century, Morocco has experienced an increase in its annual average temperature of around + 1.5 °C. This 

warming is observed throughout the Tazekka National Park (TNP) territory, which is our study's subject, located in the northernmost part 
of the Middle Atlas, near the city of Taza. This mountainous park covers an area of 13737 ha with an altitude between 1400 m and 1980 m 

(the summit of Tazekka). However, this massif, which offers a great variety in landscape and diversity of forest stands, is threatened due to 
anthropogenic and climatic factors. In this context, analyzes of Landsat images from 2010 to 2020 have enabled us to follow the evolution 

of natural plant formations in different stations of TNP. This work aims to highlight the spatio-temporal changes of plant groups in the 
park over 2010-2020, by studying the normalized vegetation index (NDVI). The obtained results in the form of GIS using the ArcGis software 

have shown that climate change strongly influences the plant biodiversity of the studied park.  
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occur nationwide as plant communities adapt to warming 
temperatures and altered precipitation regimes (13). These 

studies demonstrate climate change's tangible impacts on 
Morocco's fragile ecosystems. In contrast to other research, 
this study evaluates the progressive effects of climate change 

on the biodiversity of Tazekka National Park. This location 
has received little attention in the scientific literature, as a 
ten-year examination of NDVI data was combined with GIS-

based spatial modelling. Our research offers fresh 
perspectives on the spatiotemporal dynamics of vegetation, 
which is essential for future conservation planning in 

Moroccan protected areas. 

 In contrast to other research, this study evaluates the 

progressive effects of climate change on the biodiversity of 
Tazekka National Park. This location has received little 

attention in the scientific literature, by combining a ten-year 
examination of NDVI data with GIS-based spatial modeling. 
Our research offers fresh perspectives on the spatiotemporal 

dynamics of vegetation, which is essential for future 
conservation planning in Moroccan protected areas. In 
contrast to other research, this study evaluates the progressive 

effects of climate change on the biodiversity of Tazekka 
National Park. This location has received little attention in the 
scientific literature, by combining a ten-year examination of 

NDVI data with GIS-based spatial modeling. Our research offers 
fresh perspectives on the spatiotemporal dynamics of 
vegetation, which is essential for future conservation planning 

in Moroccan protected areas. 

 In this context, the present study seeks to evaluate the 

impact of climate change on the vegetation cover of TNP and 
propose strategies to mitigate these risks. To achieve this, we 

employ advanced geospatial analysis techniques, including 
aerospace remote sensing and computer-based data 
processing, to monitor vegetation dynamics and identify 

vulnerable areas. Through satellite imagery, remote sensing 
enables large-scale and long-term monitoring of vegetation 
changes, making it an essential tool for assessing the effects 

of climate fluctuations (14). Additionally, vegetation indices 
such as the Normalized Difference Vegetation Index (NDVI) 
facilitate the detection of changes in plant cover and health 

status (15). The integration of Geographic Information 
Systems (GIS) further enhances spatial analysis by allowing 
the cross-referencing of climatic, soil and topographic 

variables, providing a comprehensive understanding of 
ecosystem dynamics (16). Combining these analytical tools, 
this research aims to generate valuable insights for 

conservation planning and the sustainable management of 
TNP's unique ecosystems. The findings will contribute to 
ongoing biodiversity conservation efforts and inform the 

development of adaptive strategies to mitigate the adverse 
effects of climate change on forest ecosystems in Morocco 
and beyond. 

 

Material and Methods 

Geographical context of the study area 

The study area is attached to the province of Taza. It 
constitutes the northern end of the Eastern Middle Atlas, 

dominating the hallway of the South-Rifain. It is a park with 

an altitude between 1400 and 1980 m, the highest point being 
the summit of the Tazekka massif (Fig. 1). It offers a 

tremendous floristic diversity, both by its remarkable forest 
formations and by its large number of vascular plant species. 
The vegetation of the massif is distributed according to its 

affinity to the different bioclimates present in the various 
stations of the park (17). 

Geological data 

The Tazekka National Park covers the south-west regions of 
Taza, the northern part of the Middle Atlas and dominates the 

southern Rifain hallway. The north part of the Middle Atlas 
chain can be divided into three geologically distinct parts: 

 The primary massif of Tazekka (summit of Tazekka), 
the middle atlas tabular cause of secondary (summer centre 

of Bab Boudir) and the folded Middle Atlas of the secondary 
(Bou Iblane to the west of the park) (18). 

Edaphic data 

Tazekka National Park covers the northern part of the Middle 
Atlas and dominates the southern Rifain hallway (19). From a 

pedological point of view, soil types encountered in the 
massif are calcimagnesic soils, browned soils, fersiallitic soils 
and soils with little evolution (20). 

Methodology 

To follow the spatio-temporal evolution of phytobiodiversity 

in Tazzeka National Park, we have used Landsat satellite 
images, with a resolution of 30 m, from the Landsat 8OLI 
(Operational Land Imager), Landsat 4-5 TM (Thematic 

Mapper) and Landsat 7 ETM + (Enhanced Thematic Mapper 
Plus) sensors over 10 years from 2010 to 2020 (Table 1). The 
methodology adopted in this study consists in georeferencing 

the images, combining the spectral bands, classifying the 
plant groups and recognizing the chlorophyll activities of the 
vegetation (Fig. 2). 

 The NDVI extracted from satellite imagery, developed 

by Rousse and collaborators (1974), is the most used for 
ensuring follow-up environmental. This index is generally 
recognized as being a reliable indicator of the state of 

vegetation. It is constructed from an image's red and NIR 
(near infrared) bands. It exploits the reflectance 
characteristics of plants, which absorb wavelengths around 

650 nm and more or less reflect those in the near infrared 
(between 700 and 900 nm) depending on their chlorophyll 
activity. The index is then defined as follows: 

                                      

 

With: 

ρir:  reflectance in the near infrared band 

ρr:  reflectance in the red band 

 The result of an NDVI takes the form of a new image. 
Values are between -1 and +1. NDVI values are close to 1 for 
forest areas, zero value for bare soils and negative value for 
water surfaces. The Normalized Difference Vegetation Index 

(NDVI) continues to be a robust tool for assessing vegetation 
health and biomass dynamics. Its effectiveness has been 
particularly demonstrated in Morocco's arid ecosystems, 

NDVI =  
ρir - ρr 

ρir + ρr 

(Eqn. 1) 
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Fig. 1. Geographical location of the study area with modifications. A) Situation of Tazekka National Park (TNP) in Morocco; B) TNP limit; C) 
Situation of the TNP in the Taza region; D) Study stations. 

D 

Fig.2. Methodology of work. 
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where researchers have successfully applied NDVI-based 
monitoring systems. A notable 2021 study by Lang and 
colleagues demonstrated this application by correlating NDVI 

datasets with rainfall patterns to evaluate pastureland 
productivity in eastern Morocco, highlighting the critical role 
of remote sensing in tracking environmental changes (21). 

 

Results and Discussion  

Climatic data 

The study of a given region is always preceded by a study of 
essential climatic parameters (precipitation, temperatures, 

etc.).These parameters influence the spatiotemporal 
distribution of vegetation, so knowledge of climatic 
conditions is crucial in defining and assessing the distribution 

of the plant cover in the study area  (22). 

 The relief of (TNP) is an obstacle to the humid westerly 

winds, which allows it to receive most of the moisture they 

carry. Compared with the surrounding rainfall regimes, the 
park is characterized by average annual precipitation and 

relative humidity of the atmosphere, which are distinctly 
important (23). Indeed, Table 2 shows the annual mean 
precipitation and temperatures of the Taza station from 

2010 to 2020. 

 The analysis of Table 2 established a clear distinction 

between the temperatures and rainfall recorded at Taza 
Station throughout the research period. It seems that height, 

exposure and geographic location significantly impact 
precipitation dispersion, impacting plant species 
distribution within the TNP (24). The ombrothermic 

diagram (Fig. 3) shows an alternation of two wet and dry 
periods. The latter's duration reaches more than 3 months 
in the Taza station, strongly influencing the vegetation 

cover of different park stations. 

 The atmospheric conditions of the study area, often 

characterized by a clear sky and are free of all obstacles. So, 
the images obtained are sharp and don't require any prior 

processing. This advantage has made it possible to have 
precise estimates very close to reality. Cloud cover, disease 
and bad weather are sources of error that could reduce 

accuracy (25). 

NDVI is an indicator of the mass of plant cover it contains 

and its state of health or strength of growth. The reflectance 
of the vegetation cover strongly depends on the illumination 

direction, observation and wavelength. Hence, vegetation is 
denser when the NDVI is between 0.3 and 1. On the other 
hand, clear and moderately dense vegetation is seen when 

  Jan. Feb. March Apr. May June July Aug Sept. Oct. Nov. Dec. 
Annual average 
temperature 
(°C) 

  
9,77 

  
10,68 

  
13,59 

  
17,82 

  
22,14 

  
26,50 

  
30,91 

  
30,86 

  
25,77 

  
20,86 

  
13,86 

  
11,14 

Annual average rainfall 
(mm) 

  
24,27 

  
24 

  
44,09 

  
34,91 

  
27,27 

  
17,54 

  
9,18 

  
18,36 

  
19,45 

  
26,45 

  
38,64 

  
27,36 

Table 2. Average precipitation and temperature at the Taza station (2010 to 2020) (10)  

 

Fig. 3. Ombrothermic diagram of BAGNOULS and GAUSSEN of Taza station 

(Period: 2010-2020). 

Year Month/day of acquisition Type of sensor 
2010 04-September Landsat 4-5 

TM 2011 07-September 
2012 03-October Landsat 7 

ETM + 2013 14-October 
2014 17-October 

  
  
  

Landsat 8 OLI 
  

2015 18-September 
2016 06-October 
2017 09-October 
2018 10-October 
2019 13-September 
2020 15-September 

Table 1. Characteristics of the satellite images used in this study 
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the NDVI is between 0 and 0.3 (Table 3 and Fig. 4). The 
obtained NDVI results indicate that the study area does not 

have a homogeneous vegetation density in the different 
stations and between the years of study. There are parts of 
bare soil where very weak vegetation has been detected. 

Dense vegetation (maximum NDVI), sparse vegetation 
(average NDVI) and weak vegetation (minimum NDVI) have 
been identified (Fig. 4). The maps in Fig. 5 represent images of 

the NDVI from 2010 to 2020 obtained using the ArcGis 
software in TNP. Indeed, there is a substantial difference 
between the minimum and maximum values for each studied 

period. However, the minimum values for each type of sensor 
used are very close to each other, indicating that the 
minimum vegetation cover is more or less stable. This 

difference may be due to factors external to the plant cover, 
such as the influence of the atmosphere, the spectral 
contribution of soils and the water content of plants. 

 The maps in Fig. 5 show that NDVI depends on 

vegetation density and chlorophyll activity. The black area 
indicates a negative NDVI value, which necessarily means the 
absence of vegetation; the grey areas are probably scattered 

vegetation. Its low reflectance is due to water stress, diseases, 
end-of-season period for crops and matorrals etc. The white 
areas indicate dense vegetation. The maps in Fig. 6-8 result 

from integrating the maps in Fig. 5 using the ArcGis program. 
These maps show how vegetation has changed over ten 
years (2010–2020) due to climate change based on Landsat 

satellite pictures taken at several stations in TNP. Every map 
shows how chlorophyll changed during two years. 

 The maps in Fig. 6 demonstrate a noticeable 
difference between the four TNP sites over several years of 

study. Regarding the Ras al Ma station, we saw in 2011 and 
2012 that the predominant hue in this area is black, which 
accounts for the nearly complete lack of vegetation. This is 

accompanied by a slight vegetative evolution, represented by 
the holm oak's blue colouring. 2013 saw the emergence of 
the red hue, indicating a more notable vegetative retreat. For 

Bab Boudir station, In 2011 and 2012, the colouring gradually 
disappeared and was replaced with blue, suggesting a 
vegetative evolution. The red tint, which indicates a more 

pronounced vegetative regression in this area, first 
appeared in 2013. 

 Regarding Jbel Tazekka Station, between 2011 and 
2013, we observed the following colour patterns in this area: 

white, pale blue and black, with white predominating. 
Consequently, the black colouring explains the nearly 
complete absence of vegetation in the exact location over the 

three years of study, the light blue colouring shows a weak 
evolution of the vegetation dispersed throughout the region 
and the white colouring shows that the vegetation cover 

remains stable without any progression. 

 For Bab Azhar station, we observe that there are two 

hues present here: red and white, with a few faint blue dots. 
Fig. 7 indicates that the four TNP stations differ significantly 

from one another. Indeed, we have observed an increasing 
amount of red colouring in this area, which helps explain why 
the vegetation is exhibiting a more pronounced regressive 

dynamic. At Ras Al Ma station, we observed a predominance 

 

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

Max 0,648 0,678 0,632 0,634 0,513 0,523 0,502 0,491 0,489 0,483 0,500 

Min -0,111 -0,090 -0,167 -0,151 -0,034 -0,005 0,016 -0,010 -0,028 0,037 0,038 

Average 0,268 0,293 0,232 0,241 0,239 0,259 0,259 0,240 0,230 0,260 0,269 

Fig. 4. Evolution of the NDVI between the years studied (from 2010 to 2020) in TNP. 

Table 3. Values of NDVI (2010-2020) in TNP 
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Fig. 5. Images of NDVI from 2010 to 2020 in TNP. 
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Fig. 6. Vegetation distribution in the TNP between 2010 and 2013 due to climate change (ArcGis). 

Fig. 7. The distribution of vegetation at TNP level under the influence of climate change between 2010, 2014, 2015, 2016 and 2017 (ArcGis). 
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of black and blue colours, indicating a balance between 
geological evolution and the absence of vegetation. At Bab 

Boudir, we observed the presence of black and red colours, 
along with a small area of light blue, indicating a regression 
accompanied by vegetative progression. At the Jbel Tazekka 

station, we observed the presence of white and red colours. 
The white colour suggests that the vegetation remains stable, 
showing neither progression nor regression, while the red 

colour indicates a slight recession affecting the vegetation 
cover throughout the area. Meanwhile, for the Bab Azhar 
area, we noticed a dominance of red, which means the 

vegetation has receded in this station. We also showed a 
small spot of light blue (the presence of cork oak). According 
to Fig. 8, there is a noticeable difference among the four TNP 

stations. Specifically, the red coloring becomes increasingly 
prominent in this area in the first two maps (H, I) which is 
replaced by the light blue and white coloring in the J map, 

which explains why there is a regression of the vegetation 
cover on the one hand and an evolution and a stability of the 
vegetation on the other hand in the whole region. 

 As a result, between 2010 and 2012, the vegetation 

cover of these stations saw a more noticeable stability, as 
shown by the colour white. A dynamic regression of the 
entire vegetative region is visible in all stations from 2013 to 

2019, as denoted by the red colouration. By 2020, all 
stations exhibit a progressive evolution of the vegetative 
land, which is denoted by the blue colouring. Thus, human 

activity and climate change, particularly in terms of 
temperature and precipitation, are to blame for both the 
regression and the vegetative progression. To better explain 

this regression in the TNP, we calculated the chlorophyll 
evolution in this area (Fig. 9). 

 According to Fig. 9, the periods 2010-2016, 2010-2017 

and 2010-2019 are the most influenced by climate change. 
Indeed, TNP presents high percentages of vegetation cover 
regression with 34.91 % (3800 ha) during the period 2010-
2016, 50.39 % (5647 ha) for 2010-2017 and 41.48 % (4647 ha) 
for 2010-2019. Concerning the period 2010-2015, the 
regression is 31.27 % (3516 ha), while for 2010-2014 it is 32.55 

% (3647ha).  The regression of plant cover was about 21 % 
during the periods 2010-2011, 2010-2012, 2010-2013 and 2010
-2020. These results agree with those obtained in Fig. 6-8. As 

everywhere else, the TNP forest estate is subject to both 
natural constraints and intense anthropogenic pressure, 
which, in addition to fires, is the leading cause of forest 

resource degradation.  

 As a result, remote sensing techniques have effectively 

highlighted the observed degradation of forest ecosystems. 
Additionally, the use of GIS enables the creation of maps 

showing the evolution of land use according to various 
spatial and temporal scales and the issuance of early 
warnings in drought based on multiple spatial indices, such 

as the vegetation index by normalized difference (NDVI). This 
research has indicated that the NDVI helps distinguish 
between evergreen and seasonal forest types and for 

savannah, dense forest, non-forest environments and 
agricultural fields (26). Indeed, the value of this index 
provides information relating to the primary production of 

vegetation (27). The changes observed in include the increase 
in temperatures, the decrease in precipitation and the 

Fig. 8. Vegetation distribution in the TNP between 2010 and 2020 due to climate change, as ArcGis shows. 
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succession of years of droughts, sometimes severe, have 
exerted negative effects on the forest plant cover, already 
fragile, due to the increased pressure on the resources. These 

impacts are ecological, with a lack of natural regeneration 
combined with an aging of these populations, a modification 
of the distribution areas species and therefore of the 

landscapes and a high vulnerability to diseases (28). The 
NDVI, which represents the photosynthetic activity of plants, 
can be directly linked to meteorological factors such as 

rainfall, which plays a crucial role in the plant growth cycle
(29). Thus, the variation in chlorophyll activity intensity 
measured by the NDVI can be linked to rainfall distribution 

throughout the year (30, 31). Climate change, this global 
phenomenon, caused changes in natural environments. 
However, the speed of change and the accentuation of 

bioclimatic constraints will significantly induce the loss of 
species or groups of species that will not have enough time to 
adapt to the new physical conditions imposed (22). 

Therefore, validating this study with more precise 
measurements in the field would be necessary. According to 
a study carried out on the TNP by the German international 

cooperation agency for development (GIZ), on the reduction 
of climate risks for sustainable development, climate change 
should induce, at the level of phytobiodiversity, a decrease 

the abundance of species, a loss of natural habitats for the 
entire territory and the modification of the distribution areas 
of species and natural habitats (22). As a result, the disruption 

of the earth's natural ecosystems brought on by climate 
change would likely increase and eventually result in the 
extinction of plant species. Under the influence of human 

activities, warming has recently reached a speed not seen in 
more than a millennium. Indeed, the research shows a 
severe change in ecosystems on 5 to 19 % of continental 

surfaces (32). Furthermore, the more rapid the changes, the 
more societies and ecosystems are forced to adapt (33). Also, 
environmental factors, particularly climatic factors, play a 

crucial role in the development and distribution of species (34). 
Furthermore, the annual loss of approximately 13 million 
hectares of forests worldwide is primarily due to human 

activities and global climate change (35). 

 Variations in the distribution of vegetation also affect 
the climate. For instance, in high northern latitudes, warming
-related vegetation growth tends to decrease surface albedo, 

increasing warmth in these areas(36, 37). Indeed, the direct 
actions of climate change on the physiology of organisms are 
well documented and many mechanisms of action have been 

identified. However, for many plants, the climate has indirect 
effects (38, 39). Also, climate change and increasing 
temperatures are reflected in biodiversity, such as the 

movement of certain species towards cooler regions or vice 
versa (40). The combined effect of excessive and inappropriate 
anthropogenic actions seriously disrupts ecosystem dynamics, 

affecting biodiversity, species distribution and the balance of 
natural environments and agrosystems (41). It reduces 
agricultural productivity, impoverishes biological diversity and 

compromises food security (42).  

 The vegetation degradation patterns identified in 

Tazekka National Park align with broader ecological trends 
observed across Morocco. Research revealed comparable 

forest decline in Morocco's central plateau, demonstrating 
how combined climatic and human factors drive ecosystem 
deterioration (43). Research indicates that watershed-scale 

analysis in the Dades region, which recorded significant NDVI 
fluctuations, providing further evidence of Moroccan 
ecosystems' heightened sensitivity to climate stressors(44). 

 

Conclusion  

The study highlights the significant impact of climate 
change on the distribution of plant species within Tazekka 

National Park (TNP) over the past decade. Using ArcGIS 
software, it was evident that climate alterations directly 
influence the park's vegetation cover, which could lead to 

changes in ecosystem composition and functioning. These 
shifts may affect plant biology and behaviour, potentially 
contributing to the extinction of certain species. To mitigate 

these effects, it is crucial to implement sustainable 
development strategies by strengthening environmental 
protection conventions, particularly those related to 

Fig. 9. Chlorophyll evolution in Tazekka National Park as a function of the surface area during the years 2010-2020. 
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biodiversity, climate change and wetlands. Additionally, 
regular monitoring of natural resources through high-

resolution satellite imagery and raising awareness about 
the importance of trees, fire risks and alternative energy 
sources will help preserve TNP's plant heritage. Promoting 

agroforestry practices and educating the public on 
sustainable resource management will minimize 
environmental pressures and ensure the park's long-term 

ecological health. 
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