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Abstract. Missaoui K, Gharzouli R, Djellouli Y, Messner F. 2020. Phenological behavior of Atlas cedar (Cedrus atlantica)  forest to 

snow and precipitation variability in Boutaleb and Babors Mountains, Algeria. Biodiversitas 21: 239-245. Understanding the changes in 

snow and precipitation variability and how forest vegetation response to such changes is very important to maintain the long-term 

sustainability of the forest. However, relatively few studies have investigated this phenomenon in Algeria. This study was aimed to find 

out the response of Atlas cedar (Cedrus atlantica (Endl.) G.Manetti ex Carrière) forest in two areas (i.e Boutaleb and Babors Mountains) 

and their response to the precipitation and snow variability. The normalized difference vegetation index (NDVI) generated from satellite 

images of MODIS time series was used to survey the changes of the Atlas cedar throughout the study area well as dataset of monthly 

precipitation and snow of the province of Setif (northeast of Algeria) from 2000 to 2018. Descriptive analysis using Standarized 

Precipitation Index (SPI) showed the wetter years were more frequent in the past than in the last two decades. The NDVI values changes 

in both areas with high values were detected in Babors Mountains with statistically significant differences. Our findings showed 

important difference in Atlas cedar phenology from Boutaleb mountains to Babors Mountains which likely related to snow factor. 
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INTRODUCTION 

During the last century, climate change has had a great 

influence on the natural ecosystem. For this reason, 

research about climate change is becoming very important 

and more and more studies have been carrying out (Li 

2009). That's why the international community brought 

great interest to climate scientists leading to several studies 

on climate trend detection at various scales in which these 

trends have resulted in, warmer temperatures and changed 

precipitation regimes (Chmura et al. 2011). Consequently, 

one of the expected impacts due to these dynamics is the 

changes in the distribution of plant species (Demarteau et 

al. 2007). 

 Studies related to climate variability and plant 

responses to it are still rare in Algeria. Most forests of the 

world are suffering a decrease in extent. This degradation is 

due to many factors including climate change, increasing 

human population, wildfires and water scarcity. Climate 

change remains the most significant threat to all 

Mediterranean forests. Rising temperatures, erratic rain 

patterns, and longer droughts will significantly alter the 

vegetation cover and distribution of forests and trees over 

the next years.  

As trees try to withstand droughts, they deplete their 

carbon stocks and produce fewer carbohydrates and resins, 

which are essential to their health. This has already led to a 

decline or dieback of oak and Atlas cedar trees in Algeria. 

Cedrus atlantica (Endl.) Manetti ex Carrière is a montane 

conifer found in semi-arid and humid areas of Morocco and 

Algeria, typically occurring on exposed north and 

northwestern slopes of the Rif and Atlas (Middle, High, 

and Algerian Tell) mountain ranges at an elevation of 

1400-2600 m above sea level (Benabid, 1982; Farjon, 

1990). It is cold tolerant and drought resistant, but sensitive 

to extreme or prolonged drought stress (Aussenac, 1984; 

Cheddadi et al. 2009; Linares et al. 2011, 2013; Rhanem 

2011; Ilmen et al. 2014). During recent decades, high rates 

of mortality of Cedrus atlantica have been reported in 

Algeria (Bentouati 2008; Alileche 2012; Megdoud 2012; 

Kherchouche et al. 2013). Recent studies (Cheddadi et al. 

2009; Allen et al. 2010; Slimani et al. 2014) reported that 

recent tree growth was mainly influenced by precipitation 

variability.   

The forest ecosystems in the province of Setif which 

located in the North East of Algeria have attracted the 

attention of several researchers (e.g. Gharzouli 2007; 

Bounar 2014), because of the enormous value it provides 

for the local population in their everyday needs (e.g. wood, 

timber, food, etc.), as well as for local authorities and urban 

communities. Among these forests, Boutaleb and Babor 

forests have been gaining popularity as a tourist attraction, 

due to its rich biodiversity and ecosystem values. It is 

dominated by the Atlas cedar (Cedrus atlantica) known as 

a noble tree species.  

In this case, to gain a more comprehensive 

understanding of how this species response to precipitation 

variability, remote sensing techniques have been 

recognized as a powerful means to obtain information on 

Earth’s surface features (Satyanarayana et al. 2001) at 
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different spatial and temporal scales (Liang et al. 2015). In 

this paper, we applied a sensitivity analysis of datasets of 

monthly precipitation and snow of the province of Setif 

(north east of Algeria) from 2000 to 2018. The normalized 

difference vegetation index (NDVI) was used to survey the 

changes of the Atlas cedar throughout the study area. The 

main objective of this study was to find out the difference 

between the Atlas cedar of two forests (Boutaleb and 

Babor) and their relationship to the precipitation and snow 

variability. 

MATERIALS AND METHODS 

Study area 

The study area was located in the north-east part of 

Algeria in the province of Setif. The Atlas cedar forest was 

located in Boutaleb mountains and Babor mountains which 

culminate at 1864m and 2004m respectively (Figure 1).  

The study area was an open forest consisting of almost 

pure stands of Atlas cedar with minor occurrence of 

Quercus ilex. 
 

Table 1. Geographic, ecological, and climate information of the 

two sampling site 

 

Description 
Site I  

(Boutaleb Mountains) 

Site II  

(Babor Mountains) 

Latitude (N) 35° 44' 6" N 36°30' 7.2" N 

Longitude (E) 5° 21' 14.4"E 5° 28' 26.4" E 

Elevation (m) 1500  1500 

Aspect North Northeastt 

Trees Cedrus atlantica Cedrus atlantica 

Q2 (Emberger 

quotient) 

40 168 

 

Data collection 

For investigation of the Atlas cedar forest, we selected 

one area in every site with an extent of 900m2 during the 

period between 2015 and 2018. Every point contains type 

of formation, geographic situation and altitude using 

Global Positioning System (GPS).  

Data sources 

The data in the present study including measurements 

of mean temperature, precipitation and snow were obtained 

from the State Meteorological Service in Algeria from 

1982 to 2017. We used satellite images dates from 

18/02/2000 to 25/05/2018 of MODIS. As many as 420 

scenes covering the study area were obtained in this period 

to survey the natural vegetation in the study area and to 

analyze the relationships between forest and climate variability. 

Data analysis 

Precipitation and snow analysis 

Descriptive statistics were used with XLSTAT 2019.1.2 

software for data and time series analysis. Monthly total 

precipitation and the number of days of snow from the 

weather station of Setif were used.  

The Standardized Precipitation Index (SPI) (McKee et 

al. 1993; Svoboda 1999; Svoboda et al. 2012) is widely 

used to detect precipitation deficit—drought—or precipitation 

excess—wetter periods. The SPI is computed as:  

 
Where Pij is the rainfall of year i at station j, Pj is the 

interannual mean rainfall at station j, σj is the standard 

deviation of the annual rainfall series at station j, and Ni is 

the number of stations of year i. 

 

 

 
 

 

Figure 1. The map of study area (in Boutaleb and Babors Mountains, Setif Province, Algeria) over natural color composition obtained 

from Landsat 8 satellite processed with ENVI 5.1 software 
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The SPI values (Table 2) can be interpreted as the 

number of standard deviations by which the observed 

anomaly deviates from the long-term mean.  

The SPI value is the number of standard deviations by 

which the observed anomaly deviates from the long-term 

mean. SPI values from -2.0 and less to -1.0 identify dry 

periods, from -0.99 to 0.99 identify near-normal periods 

and from 1.0 to 2.0+ identify wet periods (Velia et al. 

2018). 

 
Table 2. The Standardized Precipitation Index (SPI) used in this 

study  

 

SPI Values 

2.0+ Extremely wet 

1.5 to 1.99 Very wet 

1.0 to 1.49 Moderately wet 

-0.99 to 0.99 Near normal 

-1.0 to -1.49 Moderately dry 

-1.5 to -1.99 Very dry 

-2.0 and less Extremely dry 

 

Change in phenology of Atlas cedar forest 

The Normalized Difference Vegetation Index (NDVI) 

was used as a proxy for vegetation density in the two sites 

(the Mountains of Babor and Boutaleb) associated with the 

intensity of photosynthetic activity (Wang et al. 2004). It 

was measured using the red band and near-infrared band 

from satellite image using the classic formula:  

 

NDVI = IR-R/IR+R 

  

Where: IR and R are respectively the infrared and red 

band. 

Statistical analyses 

Using the NDVI and snow data in period of 2000-2017, 

we examined the relationship between number of the day 

of snow and NDVI using linear regression to determine a 

best-fit regression line for each study area. We determined 

the 95 percent confidence intervals, the 95% prediction 

interval, the R2, F-statistic, and p-value for the linear 

regression. We then compared NDVI values of the two 

sites. We tested this hypothesis with a single-sample t-test. 

This test shows whether the NDVI of Atlas cedar of 

Boutaleb is statistically significantly different from the 

NDVI of Atlas cedar of Babor. 

RESULTS AND DISCUSSION 

Precipitation and snow variability 

Precipitation is one of the most important resources of 

water in forest ecosystem. This variable is useful to 

investigate climate change impacts on forest ecosystems 

(Beldjazia and Alatou 2016). In order to assess 

precipitation variability, descriptive statistics were used. 

Results in Table 3 show that the maximum value of 

precipitation was observed in December. The highest mean 

precipitation value was recorded in May, indicating that 

precipitation is very important in the spring season. The 

coefficient of variation values was very high across all 

months, and reached a very high value for the summer 

season, suggesting the intensity of the variability of 

precipitation during this season. So we can say that the 

dispersion around the mean is large and that the data are 

heterogeneous.  

In order to help understanding precipitation variability, 

The Standardized Precipitation Index was used. Figure 2 

shows the changes in SPI from the period of 1982 to 2017. 

We found that the year 2003 was extremely wet and the 

year 1983 was extremely dry. The results found by 

Beldjazia and Alatou (2016) on the massif forest of 

Mahouna (Algeria) indicated that the year 2003 had a very 

wet winter. 
 

 

 
 

Figure 2. Standardized Precipitation Index (SPI) from the period 

of 1982 to 2017 

 

 
 

Table 3. Descriptive statistics of the precipitation data from the period 1982 to 2017 

 

Statistic Jan Feb Mar Apr Mai Jun Jul Aug Sep Oct Nov Dec 

Nb. Of observations 36 36 36 36 36 36 36 36 36 36 36 36 

Min value [mm]  5.600 2.100 0.000 2.200 2.700 0.000 0.000 0.000 0.000 0.800 5.600 0.000 

Max value [mm] 130.700 105.400 102.000 89.200 101.500 72.700 44.300 35.300 120.000 103.800 100.100 133.000 

Median 34.800 33.750 30.500 41.150 46.900 20.000 8.400 12.900 31.150 26.250 29.650 34.750 

Mean value [mm] 42.169 36.067 35.733 41.514 44.347 21.500 10.617 14.261 36.675 32.000 36.231 43.086 

Variance  848.446 587.357 555.277 635.787 796.188 331.833 149.954 123.265 770.303 559.008 485.883 924.264 

Ecart-type  29.128 24.235 23.564 25.215 28.217 18.216 12.246 11.102 27.754 23.643 22.043 30.402 

Coefficient of variation 0.691 0.672 0.659 0.607 0.636 0.847 1.153 0.779 0.757 0.739 0.608 0.706 

 

-2.33

2.53

-3

-2

-1

0

1

2

3

1
9

8
2

1
9

8
4

1
9

8
6

1
9

8
8

1
9

9
0

1
9

9
2

1
9

9
4

1
9

9
6

1
9

9
8

2
0

0
0

2
0

0
2

2
0

0
4

2
0

0
6

2
0

0
8

2
0

1
0

2
0

1
2

2
0

1
4

2
0

1
6

S
P

I 
(m

m
)

Years



 BIODIVERSITAS  21 (1): 239-245, January 2020 

 

242 

 

Table 4. Descriptives statistics of Standardized Precipitation 

Index (SPI) 

 

Lower bound Upper bound Effective Freq. Density 

-3 -2.5 0 0.000 0.000 

-2.5 -2 1 0.028 0.056 

-2 -1.5 1 0.028 0.056 

-1.5 -1 3 0.083 0.167 

-1 -0.5 4 0.111 0.222 

-0.5 0 7 0.194 0.389 

0 0.5 11 0.306 0.611 

0.5 1 5 0.139 0.278 

1 1.5 1 0.028 0.056 

1.5 2 1 0.028 0.056 

2 2.5 1 0.028 0.056 

2.5 3 1 0.028 0.056 

 

 
 

Figure 3. Number of day of snow from the period of 2000 to 2017 

Descriptive statistics on SPI data were used to detect 

precipitation deficit or excess during this period (Table 3). 

Compared to Figure 2, which clearly explains the category 

of SPI values to wet, normal and dry periods, it was more 

common to have wetter years in the past than in the last 

two decades where, at the contrary, especially in the first 

part, extremely negative SPI’s values were more frequent 

as the effect of drought. 

In mountain environments, particularly in winter, most 

precipitation falls as snow, with elevation and temperature 

as determining factors (Smithson et al. 2008). The snow 

season usually starts in November and finishes in April.  

The effects of snow on soil and vegetation are in 

majority positive. By melting, snow feeds runoffs and 

grounds with freshwater, nourishing thereby plants and 

contributing to nutrient fluxes and cycling (Tranter and 

Jones 2001; Wang et al. 2015). 

As for snow cover, the pattern was still not clear due to 

the absence of weather station in the mountains of the study 

area. From the data obtained from the OMS weather of 

Setif, we found that the number of the day of snowing 

varied from year to year, and there has been not significant 

change over the last two decades (R2 = 0.044) (Figure 3). 

Recent studies did not report either any substantial change 

in snow cover dynamics. Research by Legdou (2008) in 

Ifrane for the period of 1958-2006 found a marginally 

significant decrease in snow depth, while Marchane et al. 

(2015) did not detect any significant long-term change 

between 2000 and 2013. 

Change in phenology of Atlas cedar forest 

Vegetation growth can be measured with different 

spectral-based Vegetation Indices (VIs), such as the 

Enhanced Vegetation Index (EVI) and the Normalised 

Difference Vegetation Index (NDVI) (Tan et al. 2008; 

Trujillo et al. 2012; Paudel and Andersen 2013; Wang et al. 

2015). A Vegetation Index is an indicator of the density of 

green leaves (Weier and Herring 2000). Used primarily for 

vegetation mapping and monitoring, vegetation index can 

act as proxy measures of vegetation productivity, 

photosynthetic activity and phenology metrics (e.g. Leaf 

Area Index (LAI) and biomass spatio-temporal variations, 

etc.) (Huete et al. 1997; Weier and Herring 2000). 

Figure 4 shows the comparison between the NDVI of 

Atlas cedar in the Babor and Boutaleb mountains computed 

from MODIS images. The NDVI values changed for every 

area with high values in Babor Mountains. The Atlas cedar 

in Boutaleb Mountains changes in the same range while we 

note the irregularity in Babor Mountains. This was marked 

by the highest and the lowest values in every year from the 

study period. 

 
 

 
 

Figure 4. Diachronic variations of NDVI in Atlas cedar of Babor and Boutaleb Mountains, Algeria from the period of 2000 to 2017 
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Table 5. The results of Student's t-test showing significant 

differences of remotely sensed NDVI between Atlas cedar of 

Babor and Boutaleb Mountains, Algeria 

 

Difference 0.088 

t (Observed value) 6.619 

|t| (Critical value) 2.032 

DDL 34 

p-value (bilateral < 0.0001 

alpha 0.05 

 

 

 
 

Figure 6. Boxplot of NDVI of Atlas cedar forest of Babor and 

Boutaleb Mountains, Algeria derived from MODIS images in the 

period 2000 to 2017. 

 

 

Table 6. Linear regression of NDVI variables 

 

  NDVI Babor NDVI Boutaleb 

R² 0.531 0.006 

F 18.106 0.102 

Pr > F 0.001 0.753 

 

 
 

Figure 7. Box plot of linear regression of NDVI variables of 

Boutaleb and Babors Mountains, Algeria 

 

 

Our results were statistically analyzed using student's t-

test to compare the phenology changes between two sites. 

As shown in Table 4, significant differences were found in 

the NDVI values between Boutaleb and Babors Mountains 

(p < 0.0001). The Atlas cedar of Babor can be clearly 

distinguished with the high box plot beside the Boutaleb 

box plot (Figure 5). 

To better explain the difference between the two 

mountains, we used linear regression analysis at 5% 

significance level of NDVI values. Results performed over 

the series for total number of day of snow, given the p-

value associated with the F statistic calculated in the 

variance analysis (Table 6). The information provided by 

the explanatory variables of NDVI of Babor was 

significantly better compared to the snow variable (r2 = 

53%). 

Satellite images generated from MODIS can be useful 

in detecting, measuring, mapping and monitoring 

vegetation growth in a topographically complex area, as we 

have in Boutaleb and Babors Mountains. Similar analyses 

had been conducted to investigate the phenological patterns 

of alpine larch forests and grasslands in the Aosta Valley of 

northwestern Italy by Busetto et al. (2010) and Colombo et 

al. (2009, 2011) using MODIS time series for different 

periods between 2000 to 2009 in relation to climatic factors 

and elevation.  

Our findings throughout the variation of NDVI derived 

from MODIS image showed very important values during 

the winter season which was explained to the role of 

precipitation and snow. Several other studies based on 

plant phenology measures showed that vegetation growth 

could be approximated with snow presence, notably in the 

Alps, another Mediterranean mountain system, showed that 

snowpacks may outweigh the favorable effects (Wipf et al. 

2010; Choler 2015). A study by Choler (2015) also 

presented grassland phenology in the French Alps in 

response to snow cover. Enriching those studies regarding 

the response of vegetation to snow, our findings allow us to 

better understand these phenomena in the phenology of 

Atlas cedar forest. 

In general, we can say that the use of remote sensing 

provides rapid information on detecting the change in 

development and/or decrease in the forests their surface 

over time and over relatively large areas. In Algeria, few 

studies had been done to reveal the dynamics of Atlas cedar 

forest during last two decades such as research of Belloula 

and Beghami (2018) for the Chelia Mountains, where they 

found the large percentage of decrease of Atlas cedar 

observed in the period 1999-2016 for the Ouled Yagoub 

Mountain. The study concluded that this change is likely a 

consequence of climate change (Belloula and Beghami 

2018). 

Our results are in agreement with those found by Ilman 

et al. (2014) in the related climate change in which Atlas 

cedar in a forest site named "Taoalt" located in the Eastern 

Middle Atlas of Morocco showed a positive growth 

response to precipitation. The rainfall was very important 

in the growth of such forests (Ilman et al. 2014). In other 

studies, Allen et al. (2010) showed that forest mortality 

related to events that were driven by climatic water/heat 

stress since 1970. Also, Linares et al. (2011) reported an 

increase in drought events and temperature since the 1970s, 

and noticed consistent decline and increased drought 

sensitivity in C. atlantica stands since the early 1980s. 

Boutaleb Babor
0
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During winter, precipitation in the mid-elevations and 

upward falls in the form of snow rather than rain. The 

increase observed may be explained by a greater 

dependence on snowpacks as a source of water, in addition 

to enhanced soil conditions. These phenomena are 

explained by the distribution of the box plot of linear 

regression of NDVI variables found in Boutaleb and 

Babors Mountains. 

In conclusion, this is the first phenology study of the 

response of vegetation to climate variability using Atlas 

cedar forest in North Africa, specifically in Algeria. Atlas 

cedar trees are natural archives of past events. We found 

during the last two decades, NDVI frequency of the Atlas 

cedar forests declined dramatically. Climatic factors in 

terms of precipitation and snow have played a major role in 

the changes of Atlas cedar forest in the study area. The 

climatic analyzes in forest ecosystems of the province of 

Setif (northeast of Algeria) indicated that there have been 

wetter years in the past than in the last two decades. Our 

findings showed important difference in Atlas cedar 

phenology from Boutaleb mountains to Babor mountains 

which likely related to snow factor. 
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