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 Monitoring of vegetation cover is a very important indicator for understanding the 

effects of human activities on the environment; the findings are used to establish links 

between policy decisions, regulatory actions, and subsequent land-use activities. The 
main aim of this study is to monitor the locations and distributions of land-cover 

changes from (1986, 1987, 1988, 1990) to (2000, 2001) in Hail, Saudi Arabia. Image 

processing was used to calculate normalized difference vegetation index (NDVI) from 
satellite data. This study used five Thematic Mapper (TM) satellite scenes from Landsat 

5, and five Enhanced Thematic Mapper (ETM) images from Landsat 7. The results 

show a slight change in the vegetation cover for Hail. The total area of vegetation cover 
in the years 2000 and 2001 was 688 km², compared with 607 km² at the start of the 

study period. The additional vegetation cover (135 km²) represents an increase of 22%, 

and the areas of decreased vegetation cover (54 km²) represent a loss of 9%. Overall, 
69% (418 km²) of the study area shows unchanged vegetation cover. 
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INTRODUCTION 

 

 In the Kingdom of Saudi Arabia (KSA), frequent drought has negatively affected natural habitats and 

reduced vegetation cover (Presidency of Meteorology and Environmental Protection [1]. Land-cover (LC) 

composition and change are important factors that affect ecosystem condition and function. These data are 

frequently used to generate landscape-based metrics, and to assess landscape condition and monitor status and 

trends over a specified time interval [2]. This study focused on Hail, a northern region of KSA, to assess 

vegetation cover condition, with the objective of mapping vegetation cover. Satellite-based remote sensing has 

developed as a powerful tool in environmental studies [3], and is widely utilized as a cost-effective means of 

identifying LC over large geographic regions. The vegetation index is used due to its simplicity, ease of 

application, and widespread familiarity [4]. Normalized difference vegetation index (NDVI) has long been used 

to model the abundance of living planet material from satellite imagery and data; to simply and quickly identify 

vegetated areas and their condition and changes over time [5]; and remains the best-known and widest applied 

index for detecting live green plant canopies via multispectral remote sensing data [6 and 7]. NDVI is calculated 

from the visible and near-infrared (NIR) light reflected by vegetation. Healthy vegetation, as seen in Figure 1 

(left panel), absorbs most of the visible light that hits it, and reflects a large portion of the near-infrared light. 

Unhealthy or sparse vegetation (Fig. 1, right panel) reflects more visible light and less near-infrared light. The 

numbers in Figure 1 are representative of actual values, but real vegetation is much more varied. NDVI for a 

given pixel ranges from minus one (-1) to plus one (+1); however, no green leaves give a value close to zero. A 

value of zero indicates no vegetation, and close to +1 (0.8–0.9) indicates the highest possible density of green 

leaves [8]. Negative values generally represent clouds, snow, water, and other non-vegetated surfaces, and 

positive values represent vegetated surfaces. The NDVI relates to photosynthetic activity of living plants: the 

higher the NDVI, the more “green” the cover type. That is, NDVI increases as the quantity of green biomass 

increases [9 and 10]. The NDVI data layer was generated from NIR and red bands of Landsat TM (Thematic 

Mapper) and ETM+ (Enhanced Thematic Mapper Plus), and was calculated as shown in Equation (1). 
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Fig. 1: Spectral reflectance by vegetation type, Illustration by Robert Simmon [8]. 

 

                     (NIR-R) 

NDVI =  

                     (NIR+R)              (1) 

 In Equation (1), NIR represents the spectral reflectance in the near-infrared band, while R represents the red 

band [11].  

 

The significance of the study: 

 The study assesses the impact of human activities on the environment, and its relationship to the decline in 

vegetation cover in the eastern part of Hail, KSA, and to vegetation increase in other parts. The study findings 

are relevant to addressing the effects of urban expansion on green land cover, the environmental effects of 

which are critical, especially in KSA.  

 

Study Area: 

 The study area is located in north KSA (shown in Figure 2), and includes eight Governorates (Ash Shinan, 

Baq'a, Hail, Mawqaq, Ash Shamli, Al Hait, Al Ghazalah, and Simira'), shown in Figure 3. The study area 

consists of sandy plains, rocky ledges, and mountains at elevations of 500 m to 1700 m above sea level. The 

Hail region has an integrated network of roads linking cities and villages (see Figure 4). The region extends 

between 25–29°N and 39–44°E; it covers an area of 118,232 km² and has a population of approximately 

597,000 [12]. 

 

 
Fig. 2: Location of the study area 
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Governorates of Hail 

 
 

Fig. 4: Road network in hail. 

 

Objectives: 

 The main aim of this study is to assess the changes in vegetation cover condition that have taken place over 

a given period in Hail (north KSA) using satellite-derived NDVI data.  

 The following specific objectives are pursued in order to achieve the main aim. 

 Produce vegetation cover maps for projection onto local structural maps 

 Compare mapping results (increased and decreased vegetation) with recent changes in human population to 

determine whether there is a relationship between the two.  

 Advocate regulatory actions that protect the land cover and limit the effects of human activity on 

vegetation.  

 

Data Used: 

 The data sources used in this study consist of five Landsat Thematic Mapper (TM) scenes from the Landsat 

5 remote sensing satellite and five Landsat Enhanced Thematic Mapper (ETM) scenes from Landsat 7 (see 

Figure 5). 
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Fig. 5: Satellite images used in the study area. 

 

 The data were recorded in February, August, September, and December (1986, 1987, 1988, 1990) and 

(2000, 2001) for (path/row) 168/41, 169/41, 169/42, 170/41, 170/42 (Table 1). 

 

Table 1: Specifications for the satellite images 
Sensor Date Row Path Satellites Sensor Date Row Path Satellites 

ETM Feb 2000 41 168 Landsat 7 TM Feb 1986 41 168 Landsat 5 

ETM Aug 2000 41 169 Landsat 7 TM Sep 1987 41 169 Landsat 5 

ETM Aug 2000 42 169 Landsat 7 TM Aug 1990 42 169 Landsat 5 

ETM Nov 2001 41 170 Landsat 7 TM Des 1988 41 170 Landsat 5 

ETM Sep 2000 42 170 Landsat 7 TM Sep 1990 42 170 Landsat 5 

 

Methodology: 

 Remote sensing and GIS techniques were used to assess the status of vegetation cover. The data were 

processed with ERDAS Imagine (Intergraph, version 8.5) and ArcGIS 10 (Environmental Systems Research 

Institute: ESRI) software. The chosen software provide powerful tools for monitoring vegetation cover, 

producing maps, determining the trend and location and calculating the area of vegetation cover change. The 

methodology comprises the following stages: Data collection, Processing and calibration of data, Layer 

stacking, Geometric correction, Mosaic, Subset images, Image interpreter (Spectral enhancement, indices, 

NDVI), Raster to vector conversion, Calculation of NDVI, Calculation of vegetation cover area, and Change 

detection. All of the phases are shown in Figure 6. NDVI is calculated by using the following equation that is 

derived from equation (1):  

 

                  (2) 

NIR= ρ(band4), R= ρ(band3) (red band) 

 

 In ERDAS Imagine: From the Image Interpreter icon on the ERDAS icon menu bar, select the Spectral 

Enhancement menu then the Indices option. Enter the appropriate (Input File) and (Output File) names, and note 

the selection of the function (NDVI) Figure 7. 

 Next, select (Change Detection) from the Utilities menu available from the Image Interpreter icon on the 

ERDAS icon menu bar, then enter the appropriate (Before Image), (After Image), and (Output File) names (see 

Figure 8). Select the (raster to vector) option from the vector icon on the ERDAS icon menu bar, then complete 

the (Input Raster) and (Output Vector) fields (see Figure 9). In ArcGIS- ArcInfo 10.0, select (Add Data) in the 

ArcMap icon menu bar, and select (Vector Layers) from the source data. The vector layers selected will be 

displayed on the (ArcMap Desktop) to prepare vegetation cover maps and calculate the area of vegetation cover.  
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Fig. 6: Flowchart of the methodology for change detection. 

 

 
 

Fig. 7: Extraction NDVI from satellite images. 

 

 
 

Fig. 8: Change detection of vegetation cover from satellite images. 
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Fig. 9: Raster to vector conversion to calculate the area of vegetation cover. 

 

 ERDAS Imagine and ArcGIS software were utilized to pre-process the satellite images, beginning with 

using the Reproject Image function in ERDAS Imagine to unify all images to a unique map projection and 

thereby ensure geographic consistency of the data set.  

 The most obvious method of detecting land change is to undertake a comparative analysis of spectral 

information of agricultural land from two or more images acquired independently. The data collected in Hail 

region between 1986 and 2000 were mapped by applying NDVI to the Landsat, TM, and ETM+ images. After 

applying the NDVI algorithm, care was taken to assign a threshold for green vegetation that effectively 

highlights pixels representing cultivated lands at the acquisition time of each image (1986, 1987, and 2000). 

Pixels with values equal and greater than the threshold values were clustered together and classified as 

cultivated land in each Landsat image. 

 

Results and analyses: 

NDVI values: 

 It is known that reflection from the crop canopy in the red and NIR zones of the electromagnetic spectrum 

depends on the canopy’s green phytomass. The index is calculated as the reflection difference between the NIR 

and red spectra divided by its total, as shown in Table 2. As a result, the NDVI values range from -1 to +1. For 

green vegetation, the red spectrum reflection is always less than in the NIR, due to light absorption by 

chlorophyll. Therefore, NDVI values for vegetation cannot be less than zero. 

 The results show that the highest NDVI (0.614) occurred during 1986, followed by (0.608) in year 2000, 

(0.478) in year 1987, (0.368) in year 2001, as shown in Figure 10; (0.150) in year 1990, (0.09) in year 1988, and 

(0.050) in year 1990 as shown in Figure 11 and Figure 12.  

 

Vegetation cover during the study period: 

 The results indicate a slight change in vegetation cover in the Hail region during the study period, from 

(1986, 1987, 1988, 1990) to (2000, 2001). The results for the years 2000, 2001 show approximately 22% 

increase in vegetation cover, in addition to a 9% reduction in vegetation cover; vegetation cover was unchanged 

in approximately 69% of the study area. Figure 13 shows a vegetation cover map for the years (1986, 1987, 

1988, 1990); Figure 14 shows vegetation cover for the years 2000, 2001. The area of vegetation cover in years 

(1986, 1987, 1988, 1990) was estimated as 607 km², compared with 688 km² in years 2000, 2001. 

 

Table 2: Indicative NDVI values 
Object type Reflectance * in the red 

spectrum 

Reflectance in the near-infrared 

spectrum 

NDVI value 

Dense vegetation 0.1 0.5 0.7 

Scarce vegetation 0.1 0.3 0.5 

Bare soil 0.25 0.3 0.025 

* Indicates the portion of light reflected by the object. Scale range from 0 to 1. 
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Fig. 10: NDVI value ranges (P/R. 168/41, 169/41). 

 

 
 

Fig. 11: NDVI value ranges (P/R. 169/42, 170/41). 

 

 
 

Fig. 12: NDVI value ranges (P/R. 170/42). 
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Fig. 13: Vegetation cover (1986, 1987, 1988, 1990) 

 

 
 

Fig. 14: Vegetation cover (2000, 2001). 

 

Locations of rich and poor vegetation cover: 

 The NDVI values in Figure 15 indicate the spatial distribution of vegetation cover. Higher NDVI values 

imply more vegetation coverage; lower NDVI values indicate less or non-vegetated coverage; zero and negative 

NDVI indicate rock or bare land and water bodies (Sajadi, 2011).  

 

 
 

Fig. 15: Spatial distribution of vegetation cover. 
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 The results indicate areas of dense vegetation in the eastern and central regions, bare soil in the northern 

region, and scarce vegetation in the southwestern region.  

 

Spatial analyses of vegetation cover: 

 Spatial analysis of the vegetation cover (see Figure 16) shows that eastern Hail (Ash Shinan Governorate) 

has very rich vegetation cover during the study period, followed by Baq'a Governorate. Simira' Governorate has 

very poor vegetation cover, followed by Shamli, Al Hait, and Al Ghazalah. 

 

 
 

Fig. 16: Spatial distribution of vegetation cover. 

 

The area of vegetation cover: 

 In the year 2000, Ash Shinan Governorate had the highest vegetation cover (402 km²), representing 

58.430% of the entire area, followed by Baq'a Governorate (210 km²), representing 30.523%. 

 In the years 2000, 2001, the smallest area of vegetation cover (2 km²; 0.290% of land area) was in in Simira' 

Governorate, followed by Shamli Governorate with (4 km², equivalent to 0.581%). In the years (1986/1987) the 

largest area of vegetation cover (456 km²; 75.123%) was in Ash Shinan Governorate, followed by Baq'a 

Governorate (124 km²; 20.428%). In the years (1987, 1988, 1990) the smallest area of vegetation cover (0.3 

km²; 0.049%) was in Simira' Governorate, followed by Ash Shamli, Al Hait, and Al Ghazalah (2 km²; 0.329%), 

as shown below in Figures 17 and 18. 

 

 
 

Fig. 17: Vegetation cover of Hail Governorates (1986, 1987, 1988, 1990). 
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Fig. 18: Vegetation cover of Hail Governorates (2000, 2001) 

 

Discussion: 

 The results show that the eastern part of Hail is the only region that experienced a decline in vegetation 

cover. This is thought to be due to the impact of human activities on the environment: high population growth 

with its attendant rise in the demand for housing, and increasing commercial activities. The population of Hail 

grew from approximately 175,000 in 1992 to 267,000 in 2004 (Central Department of Statistics and 

Information, 2010). 

 Tables 3 and 4, and Figure 19 reflect those areas of Hail with increased, decreased, and unchanged 

vegetation cover. The total area of vegetation cover in the years 2000, 2001 was 688 km², compared with 607 

km² at the start of the study period. The additional vegetation cover (135 km²) represents an increase of 22%, 

and the areas of decreased vegetation cover (54 km²) represent a loss of 9%. Overall, 69% (418 km²) of the 

study area shows unchanged vegetation cover. The increased NDVI values (from 0.47 in 1987 to 0.52 in 2000; 

0.09 in 1988 to 0.36 in 2001; and 0.15 in 1990 to 0.18 in 2000) indicate high density of vegetation cover 

 
Table 3: Estimated area of vegetation cover change 

Decrease (km²) Increase (km²) Area (%) Area (km²) Year Area (%) Area (km²) Year VC 

54 0 58.430 402 2000 75.123 456 1986 1987 Ash Shinan 

0 86 30.523 210 2000 20.428 124 1986 1987 Baq'a 

0 37 7.703 53 2000 2001 2.635 16 1987 1988 Hail 

0 2 1.017 7 2001 0.823 5 1987 1988 Mawqaq 

0 2 0.581 4 2000 2001 0.329 2 1988 1990 Ash Shamli 

0 3 0.726 5 2000 2001 0.329 2 1990 Al Hait 

0 3 0.726 5 2000 2001 0.329 2 1987 1990 Al Ghazalah 

0 1.7 0.290 2 2000 0.049 0.3 1987 1990 Simira' 

54 135  688   607  Total 

 

Vegetation cover condition 
Increased (km²) Decreased (km²) Unchanged (km²) Total  (km²) 

135 54 418 607 

22% 9% 69% 100% 

 

Conclusion: 

 According to the changes in vegetation compared with human activity and increased human population in 

the area, there is evidence of human influence on the decrease of vegetation cover. Special measures (urban 

planning, building regulations, and land-use revision) must be taken by appropriate authorities to minimize 

future impact, to protect the areas of increased vegetation cover, and to provide legal protection for areas of 

decreased vegetation cover. 
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Suggested solutions include the following: 

 Enclose existing vegetated areas and areas of declining vegetation to protect them from urban expansion.  

 Reverse the direction of urban planning away from areas of vegetation. 

 After mapping these green areas, the data should be projected onto all structural maps in KSA. 

 Strategic plans should include and protect existing and potential areas of agricultural land, as such areas are 

of great importance to the region. 

 The following are suggested for future research directions: 

 Studies are required to continuously monitor effects on vegetation. 

 Laws and regulations must be developed and implemented to protect existing vegetation cover, as it is 

important to environmental conditions in KSA. 

 Future study will include an assessment of vegetation cover condition in Hail during 2000–2014. Future 

research might seek to extend the present findings by identifying the reasons for the regional differences in 

vegetation density. 

 

 
 

Fig. 19: Increased, decreased, and unchanged vegetation cover. 

 

 In general, there is a slight change in the vegetation cover for Hail during the study period, with only the 

eastern part showing a decline in vegetation cover.  
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