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ABSTRACT 

 
Evaluation of the impact of shrub encroachment levels on rangeland vegetation using ground surveys is 

typically time consuming and expensive. The recent development of high spatial resolution satellite imagery in 
the last decade has opened new opportunities for remote sensing applications in rangeland management. The 
exceptionally high spatial resolution data of these satellite images is a promising data source for mapping 
vegetation change. Recently, Mesquite (Prosopis juliflora) invasion was reported as a new constrain that 
negatively impact southeastern Egypt desert rangelands. The objective of this research is to use high resolution 
satellite imagery to quantify the change in mesquite cover in response to the current rangeland management 
practices and climatic condition through 10 years period from 2002 to 2012 at the Egyptian Southeastern Desert 
Rangeland. We acquired QuickBird and WorldView-1 high resolution satellite images with ground resolution of 
60 and 50 cm at the panchromatic band, respectively. Images analyses included image segmentation and object-
based classification in the software eCognition were conducted and used to map mesquite shrubs cover at the 
study area. We conducted a post-classification comparison change detection technique to compare the 
vegetation change in this 10-year period. Accuracy assessment of the classified maps indicated that overall 
accuracy of the imagery was 89 % for 2002 QuickBird image and 93 % for 2012 World View-1 image. Results 
show that mesquite cover highly increased from June 2002 to October, 2012 where mesquite cover has reached 
about 20 % on the relative vegetation cover in Halaib area. 
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Introduction 

Vegetation in desert ecosystems changes continuously. It is important to have reliable methods for 
monitoring the past and present vegetation status. Rangeland retrogression with heavy grazing, drought, and 
shrub encroachment can occur most rapidly under arid rangelands compared to more mesic rangeland types. 
Mesquite (Prosopis juliflora) invasion has a significant threat to biodiversity, ecosystem services, rangeland 
livestock production, and human welfare (Warren et al., 1996; Mohamed et al., 2011; Van den Berg et al., 2013; 
Ragavan and Colins Johnny, 2015). Recently, Mesquite (Prosopis juliflora) invasion was noted as a new 
constrain that negatively impact management of the Egyptian Southeastern Desert Rangeland. Mesquite shrubs 
have high potential of using limited resources in desert rangeland, where it produce high amount of seed and can 
tolerate drought and harsh environmental conditions (Fig. 1).Although seed dispersal by livestock is considered 
to be a primary cause of mesquite encroachment in the region, several other factors including human movement, 
water movement during rainy season, commercial activities between Egypt and Sudan. Where Mesquite 
(Prosopis juliflora) was introduced to Sudan in 1980 as a major component of the afforestation programme for 
combating desertification and sand dunes stabilization in Nile and Northern states of Sudan (Elsiddig, 2005 and 
Abdel Magid et al., 2014).  

The recent development of high spatial resolution satellite imagery in the last decade has opened up new 
opportunities for remote sensing applications in rangeland management. The exceptionally high spatial 
resolution data of these satellite images is a promising data source for mapping vegetation change. Many 
rangeland characteristics can be quantified accurately and precisely using high spatial resolution multispectral 
satellite imagery (Weber 2006).  Studies are available that indicate IKONOS and QuickBird satellite imagery 
can be useful in distinguishing among woody plant species (Wang et al., 2004); evaluating shrub encroachment 
(Laliberte et al., 2004); differentiating rangeland vegetation cover types (Everitt et al., 2006); analyzing arid 
rangeland vegetation (Laliberte et al. 2007); mapping woody plants (Everitt et al., 2008); and evaluating honey 
mesquite shrub cover impact on forage production (Mohamed et al., 2011).    
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Change detection is the process of identifying differences in the state of an object or phenomenon by 
observing it at different times (Singh 1989). Numerous change detection techniques have been developed; each 
has its own merits. No single approach is optimal and applicable to all cases (Lu et al., 2003). Post-classification 
comparison change detection is widely used and easy to understood (Jensen et al., 1995; Song et al., 2001; 
Arzandeh and Wang 2003; Jensen 2005). First, each remote sensing image is rectified and classified. Then the 
two classified maps compared on a pixel-by-pixel basis (Jensen 2005). French et al. (2008) used ASTER TIR 
data to detect land cover change over three years period on southern New Mexico rangelands. These authors 
concluded that retrieval and analysis of ASTER data shows that land cover change for this environment can be 
monitored from space. Pringle et al. (2009) used a combination of digitized aerial photographs and QuickBird 
satellite imagery to quantify changes in habitat availability using pixel-based and object oriented remote 
sensing. They found that both classification methods produced highly accurate maps of most images, which 
were very helpful in tracking vegetation change and habitat availability for endangered species. The objective of 
this research is to use high resolution satellite imagery to quantify and detect the change in mesquite cover in 
response to the current rangeland management practices and climatic condition through 10 years period from 
2002 to 2012 at the Egyptian Southeastern Desert Rangeland. 

 

 
Fig. 1: Mesquite encroachment at Halaib region, southeastern Egypt; seedling of mesquite can adapt to dry 

summer season at the area in addition mesquite plants produce high amount of seeds.  

Materials and Methods 

Study area description 
The study area is located at the Eastern desert of Egypt which is approximately 275000 Km2that represents 

more than one quarter of the total territorial area of Egypt. It is located between the Red Sea in the east and the 
Nile River in the west. Shalateen–Abou-Ramad-Halaib triangle is located in the south eastern corner of the 
Eastern desert which occupies approximately 18000 km2. The region has a vital and strategic importance to 
Egypt. It looks like a triangle with a bottom side of about 300 Km parallel to 22° latitude (The Egyptian- 
Sudanese borders). The top point of the triangle is located at the Red Sea nearby the Shalateen well. The triangle 
region is a mountainous desert with several valleys dissecting mountains. Desert rangelands are estimated by 
600,000 ha in the region (NAP, 2005). Rainfall sometimes starts from October up to March, but erratic. The area 
is, also, characterized by high mist and appeared as mist oases, particularly at Elba Mountain and its valleys. It 
is reflected on growing several plant communities. There are three little towns in the triangle region. Halaib is 
one of the new rural, which has an important strategic situation. Abou-Ramad is a little port at the Red sea. 
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Shalateen is considered the main trade center in the triangle region where the camel market is currently the main 
source of imported camels to Egypt. 

 
Very high resolution satellite images 

Ground survey was conducted to select the study area at southeastern Egypt. We located the study area 
with different mesquite canopy cover. In this research we acquired two archive very high resolution satellite 
images. The first image was acquired for the study area at June 14, 2002 by QuickBird satellite; where the 
second image was taken for the study area at October 21, 2012 by WorldView-1 very high satellite image with 
50 cm ground resolution at the panchromatic band (Digital Globe Inc., Longmont, CO, USA). An example of 
QuickBird and World View-1 satellite images is shown in figure (2). The image covers an area of 69 km2. The 
image was radio metrically and geometrically corrected and projected to the world geodetic survey 1984 (WGS 
1984_Zone 37 N) prior to delivery. 

 

Fig. 2: Two plots of the study area as represented by very high resolution satellite images 

Image Analysis and Change Detection 
Multi-resolution image segmentation based on the Fractal Net Evolution Approach (FNEA), which is 

available in eCognition Developer 8.9 Software (Definiens, 2014) was used for image segmentation. Two level 
of image segmentation were used with different parameters i.e. scale, shape, and compactness parameters. 
Figure (3) shows an example of WorldView-1 satellite image after performing image segmentation with scale 
parameter of 20, and 0.5 for both of shape and compactness. The second step after image segmentation in the 
object based image analysis is image classification, which can be conducting using various information sources 
and different approaches. We considered four land cover classes as the main land cover categories in the study 
area including mesquite shrubs, grass-mix vegetation, bright soil and building, and dark bare ground and roads. 
Object-based classification was applied to the segmented images in order to assign a class to each of the related 
objects. Both fuzzy membership functions and nearest neighbor classifier which are available in eCognition 
were used to assign class to segmented objects. Post-classification comparison change detection technique was 
used to compare the Mesquite cover change in this 10-year period from June, 2002 to October, 2012. 

 
Accuracy Assessment  

To determine the accuracy of QuickBird and World View 1 image classifications, we used ERDAS 
Imagine 10 software (2009) to assign a minimum of 40 points per class from the classified maps of June 14, 
2002 and October 21, 2012 in a stratified random pattern. For the error matrix evaluation, the general method 
described by Jensen (2005) was used to locate a reference test unit and high accurate GPS was used to locate 
reference points. Accuracy assessment measurements estimated by ERDAS Imagine included; producer's 
accuracy (errors of omission); user's accuracy (errors of commission). The omission error describes the number 
of points that should have been classified as mesquite but were omitted from the class. The commission error 
describes the number of points that were classified as mesquite but in reality belong to other classes.In addition, 
overall accuracy (the total number of correct points divided by all points in the entire matrix), and the Kappa 
Coefficient were calculated. 
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Fig. 3: An example of the first segmentation level was conducted in eCognition andused to identify mesquite 
shrubs at the study area. 

  

Results and Discussion 

Image Classification Accuracy  
Results of accuracy assessments of the two classified maps are shown in Tables (1) and (2). The very 

high resolution of QuickBird and WorldView-1 satellite imagery combined with the high power of image 
segmentation using eCognition resulted in most of mesquite shrubs were highly detected. Data regarding 
accuracy assessment of QuickBird classified image are presented in Table 1. Overall accuracy of 88.23 % and 
Kappa Coefficient of 0.896 were achieved for object-based image analysis of QuickBird satellite image. 
However, overall accuracy and Kappa Coefficient of object-based image analysis World View-1 satellite image 
were higher than those obtained from QuickBird achieving 93.13 % and 0.945, respectively (Table 2).As 
reported by Congalton and Green (1999), differences in error matrices may in part be due to mapping error. 
Laliberte et al. (2004) reported that about 87 % of mesquite shrubs were detected and classified using object-
based image analysis. The highest values of user’s and producer’s accuracies of 91.67% and 93.62 %, 
respectively were recorded for the bight soil and building class due to they have high brightens value and were 
easy to classified from other objects. Mesquite shrubs cover had user’s and producer’s accuracies ranged from 
about 87 % to 93 %. Dark bare ground soil was very common on the study site and for some extents were mixed 
with mesquite shrubs in image classification as we had to use the only available image for the study area with 
panchromatic band only. Grass-mix vegetation was also classified with high level of accuracy. Our finding 
regarding accuracy assessment values of classified very high resolution satellite images are in accordance with 
Mohamed et al. (2011) and Kux and Souza (2012).          
 
Table 1: Error matrix generated from classified map and reference data for June 14, 2002 QuickBird satellite image of the 

study area at Halaib, southeastern Egypt.  

Classification data 

Reference data 

Mesquite 

shrubs 

Grass-mix 

vegetation 

Bright soil and 

Building 

Dark bare 

ground and 

roads 

Total 
User’s accuracy 

% 

Mesquite shrubs 68 3 0 7 78 87.18 

Grass-mix vegetation 1 49 2 3 55 89.09 
Bright soil and Building 1 1 44 2 48 91.67 

Dark bare ground and roads 3 1 1 41 46 89.13 

Total 73 54 47 53 227  
Producer’s accuracy % 93.15 90.74 93.62 77.36   

Overall accuracy = 88.23 %; Kappa coefficient = 0.896 
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Table 2: Error matrix generated from classified map and reference data for October 21, 2012 World View-1 image of the 
study area at Halaib, southeastern Egypt.  

Classification data 

Reference data 

Mesquite 

shrubs 

Grass-mix 

vegetation 

Bright soil 

and Building 

Dark bare 

ground and 

roads 

Total 
User’s accuracy 

% 

Mesquite shrubs 71 2 0 4 77 92.21 
Grass-mix vegetation 0 55 1 2 58 94.83 
Bright soil and Building 2 1 49 1 53 92.45 
Dark bare ground and roads 4 0 2 56 62 90.32 
Total 77 58 52 63 250  
Producer’s accuracy % 92.21 94.83 94.23 88.89   

Overall accuracy = 93.13 %; Kappa coefficient = 0.945 
 

Mesquite covers change detection 
Image analyses indicated that mesquite cover in June, 2002 at Halaib region was very low where 

mesquite shrubs canopy cover detected from image classification estimated by about 0.5 % of the total cover of 
the study area (Figure 4). Then the extent of mesquite shrubs at the study area reached about 2 % of the studied 
location in October, 2012. Van den Berg et al. (2013) found that the total number of prosopis patches over the 
province of Northern Cape, South Africa increased from 79,578 to 640,253 over the 33-year period from 1974 
to 2007.The annual spread rate for mesquite (Prosopis juliflora) has been estimated as 2.1% during 2005–2011 
in in Great Rann of Kachchh, Kachchh Biosphere Reserve, Gujarat, India (Pasha et al., 2014). Several 
researchers have reported that mesquite species encroachment has increased all over the globe, where huge areas 
of rangelands have been transformed to mesquite shrubs dominated landscapes. Mesquite shrubs provide 
ecosystem services in southeastern Egypt including, shelters for livestock and wildlife birds and animals, forage 
resources for sheep and camels, and as a resource of fuel wood and charcoal. So, sustainable management 
scheme combined with monitoring systems should be establish in order to keep mesquite population under 
control.   

 

Fig. 4: Changes in mesquite cover from June, 2002 classified QuickBird satellite image and October, 2012 
classified World View-1 satellite image at Halaib, southeastern Egypt.  
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Conclusion  

Two very high resolution satellite images were used to study changes in Mesquite (Prosopis juliflora) in 
southeastern Egypt. First image of QuickBird satellite acquired in June 14, 2002 and the second image of World 
View-1 was acquired for the study area in October 21, 2012. Object based image analysis was applied for the 
two images to detect Mesquite shrubs cover in the two different years. Accuracy assessment tests were applied 
for the both classified maps to examine the accuracy of image classification. Overall accuracy of the classified 
maps was about 88 % and 93 % of QuickBird satellite classified image and World View-1, respectively. Post-
classification change detection was applied for the classified maps to estimate changes in Mesquite covers from 
2002 to 2012 at Halaib, Egypt. Mesquite cover increased from about 0.5 % at 2002 to about 2 % at 2012 from 
the total classified study area. Although changes in mesquite cover estimated from satellite images was not very 
high, it represents about 20 % of relative vegetation cover in the study area. Sustainable management plan 
should be combined with geospatial based monitoring systems at arid rangelands invaded by Mesquite plants in 
order to keep the invasive species under control.              
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