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Abstract. Land use/land cover (LULC) change has been confirmed that have a significant impact on 

climate through various pathways that modulate land surface temperature (LST) and precipitation. However, 

there are no studies illustrated this link in the Saïss plain using remote sensing data. Thus, the aim of this 

study is to monitor the LST relationship between LULC and vegetation index change in the Saïss plain using 

GIS and Remote Sensing Data. We used 18 Landsat images to study the annual and interannual variation of 

LST with LULC (1988, 1999, 2009 and 2019). To highlight the effect of biomass on LST distribution, the 

Normalized Difference Vegetation Index (NDVI) was calculated, which is a very good indicator of biomass. 

The mapping results showed an increase in the arboriculture and urbanized areas to detriment of arable lands 

and rangelands. Based on statistical analyzes, the LST varies during the phases of plant growth in all seasons 

and that it is diversified due to the positional influence of LULC type. The variation of land surface 

temperature with NDVI shows a negative correlation. This explains the increase in the surface temperature 

in rangelands and arable land while it decreases in irrigated crops and arboriculture. 
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I.INTRODUCTION 

At the issues on global change, dynamics 

characterization linked to the earth's surface 

transformations, for example: the extension of 

agricultural areas, desertification, urban sprawl, etc.  are 

essential. In this sense, much effort has been devoted to 

the determination of the land surface temperature from 

remote sensing data. The extraction of LST has been the 

subject of several studies [1, 2, 3, 4, 5, 6, 7, 8] because 

it’s used in several applications, such as 

evapotranspiration modelling [9], soil moisture 

estimation [10], climatic, hydrological, ecological and 

biogeochemical studies [11-12]. Therefore, it’s very 

important to have access to reliable Ts estimation at 

large spatial and temporal scales.  

Land surface temperature is one of the most 

important environmental parameters used to determine 

the energy and matter exchange between the earth's 

surface and the lower layer of the atmosphere [13]. 

LULC change has been confirmed to have a significant 

impact on climate through various pathways that 

modulate surface temperature and precipitation [14-15]. 

However, there are no studies illustrated this link in the 
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Saïss Plain using satellite observations. This 

contribution concerns the use of geospatial techniques 

to study the relationship between LST, LULC and 

NDVI in the Saïss plain during the period from 1988 to 

2019. 

II.MATERIALS AND METHODS 

2.1  Research area and data 

Saïss plain is located in northern Morocco with an area 

of  about 2260 km² (Fig. 1). The region is drained by 

Oued Fez and Oued Mekkes and their tributaries. The 

region offers considerable opportunities in terms of 

thermal mineral resources with springs of Sidi Harazem, 

Moulay Yacoub and Ain Allah. However, the region is 

beginning to suffer from a decline in water resources 

over the past two decades, which is manifested by the 

decrease in flows due to the rainfall decrease. The 

climate of the region is dry and hot in summer and 

humid and cool in winter with significant seasonal 

thermal differences and average rainfall of 550 mm. 

Agriculture and crafts are the main economic activities 

in the Saïss plain. 
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To analyze the change in LULC and its impact on 

LST in the Saïss plain, we selected 18 satellite images 

from the winters and summers of 1988, 1999, 2009 and 

2019 as the main data sources. In the framework of this 

study, satellite images produced by Landsat 5, 7 and 8. 

Images are downloaded from the USGS website 

(https://glovis.usgs.gov), and have a preprocessing level 

(Collection 1 level 1) [16]. They are in the form of a 

quantified and calibrated digital count representing the 

multispectral image data. Landsat 8 data acquired by 

both the Operational Land Imager (OLI) and the 

Thermal Infrared Sensor (TIRS) are provided in integer 

(16-bit) format. Landsat 5 and 7 products are provided 

in integer (8-bit) format [16]. 

 

 

 

 

 

 

 

 

 

 
Fig. 1. Location of the study area 

2.2 Methods 

2.2.1 Land surface temperature retrieval  

For the extraction of physical parameters from Landsat 

images, we proceeded by several calculations. The 

algorithm was created by ModelBuilder in ArcGIS 10.8, 

and it can be used to process LANDSAT5-7 and 8 data. 

The LST of any Landsat satellite image can be 

calculated following three steps: 

The first step of the algorithm is the input of band 6 for 

Landsat 5-7 and band 10 for Landsat 8. After inputting 

bands (the digital counts: DN), the tool uses formulas 

taken from the USGS webpage [17] for retrieving the 

top of atmospheric spectral radiance (𝐿𝜆). 

The second step of the algorithm is to covert the spectral 

radiance to brightness temperature (Tb) [17] using the 

thermal constants provided in the metadata file of 

Landsat images. 

The last step to calculate the LST or the emissivity 

corrected land surface temperature (𝑇𝑠) is computed 

based on the Artis and Carnahan model [18] 

𝑇𝑠 =
𝑇𝑏

(1 + [(
𝜆𝑇𝑏

𝜌
)𝑙𝑛𝜀])

                           (1) 

Where, 𝑇𝑠: Land surface temperature in (°C); Tb: 

Brightness temperature in (°C); 𝜆: Wavelength of the 

emitted radiance (𝜆 = 10.895); 𝜀: Emissivity, 𝜎: 

Boltzmann constant. 

2.2.2 Land use Land cover mapping  

For LULC mapping, we proceeded by the supervised 

classification method by maximum likelihood 

algorithm. The process consists of several steps. First, 

the collection of training samples was carried out. Six 

mainland use/cover classes have been identified: water 

bodies, urban, rangelands, irrigated crops, arboriculture 

and arable lands. An automatic classification was then 

performed using the maximum likelihood algorithm 

(Fig. 2). To improve the classification, we conducted  

post-classification processing (application of a majority 

filter). The accuracy of the classification was assessed 

using the confusion matrix [19]. From this matrix, we 

generated the global precision and the Kappa 

coefficient.  

III. RESULTS AND DISCUSSION 

3.1 Land use land cover analysis 

Before the analysis and interpretation of LULC maps, 

validation of the classification was performed by visual 

comparison with field reality and by calculation and 

analysis of the confusion matrix. Using an SQL query in 

ArcGIS software, the data for the confusion matrix has 

been extracted. The percentage of overall accuracy and 

the Kappa coefficient for all classifications exceed 80%. 

This suggests that the classifications are reliable and 

accurate [20]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. LULC maps for 1989, 1999, 2009 and 2019. 
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The classification results for the region between 

1988 and 2019 show a significant change in LULC 

classes (Fig. 2): an increase in urban, water bodies and 

arboriculture, and a decrease in rangelands, irrigated 

crops and arable lands. 

3.2 Determination of LST in Saïss plain 

Figure 3 shows the maps of LST in Saïss Plain during 

the winter and summer of years: 1988, 1999, 2009 and 

2019. The surface temperatures show a variation of an 

order of -4 to 46°C and thus a thermal amplitude of 

about 50°C. Throughout the region, there appears a 

strong thermal heterogeneity: between urban, 

agricultural, water bodies, etc. The cool zones are well 

individualized and correspond to urban and 

arboriculture areas. The warm zones are the agricultural 

land and rangelands. 

 

Fig. 3. LST maps during winter and summer for 1988, 1999, 

2009 and 2019 

3.3 Ts variation for different LULC types for the 
period 1988-2019 

To explain the variation in LST for the same land cover 

over time (Fig. 4), graphs were created [21]. LST 

increases slightly from water bodies to arable lands. The 

variation of LST for the same land cover over the years 

(highest in November 2009 and lowest in January 1988) 

is explained by the variation in air temperature during 

these days. For the summer season, LST was low for 

water bodies, irrigated crops and arboriculture, whereas 

for rangelands and arable lands was quite high. On the 

other hand, a cross-section profile in the study area 

shows that water bodies, urban and arboriculture have 

average surface temperatures between 32 and 34°C, 

while rangelands and arable lands have mean surface 

temperatures between 37 and 40°C. During this month, 

the variation coefficient of LST between water bodies 

and arable land is 17%. 

 

Fig. 4. LST variation in different LULC over time (4 years: 

winter and summer seasons) 

3.4  Relationship between LST and NDVI 

To highlight the effect of biomass on surface 

temperature distribution, LST was represented as a 

function of NDVI [21].  For the same year (One image 

per month for 2019), for low NDVI (between 0 and 0.1 

corresponding to dry bare soil) an increase in surface 

temperature (Fig. 5). For NDVI values greater than 0.1, 

the surface temperature decreases as the NDVI values 

increase, which is quite normal because the increase in 

biomass reduces the heat release from the surface. 

For the years 1988, 1999, 2009 and 2019 (Fig. 6), the 

results also show a negative correlation between the 

surface temperature and the vegetation index with very 

high correlation coefficients (0.93). For all years, land 

surface temperature decreases as the NDVI values 

increase.  
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Fig. 5. Correlation between LST and NDVI over 2019 (one 

image per month) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6. Correlation between Ts and NDVI for 1988, 1999, 2009 

and 2019 (one image in winter and one image in summer) 

IV.Conclusion 

Land use/cover mapping showed that the region had 

undergone a significant evolution, an increase of 

arboriculture and urban areas to detriment of arable 

lands and rangelands. Based on these maps, the analysis 

of spatio-temporal changes in LULC over the period 

1988-2019 was carried out. Statistical analyzes were 

performed to present the relationship between LST and 

LULC and correlations between LST and NDVI for the 

period 1988-2019. For all years, a negative correlation 

between the land surface temperature and the vegetation 

index with very high correlation coefficients (0.93). 

From these analyzes, we can say that the land surface 

temperature varies during phases of plant growth in all 

seasons and that it is diversified due to the positional 

influence of the type of existing land use/cover. 
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