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Abstract 

This study was conducted to investigate the use of remote sensing data to distinguish between different rangeland sites. Three 

rangeland sites were selected based on soil types and variation in vegetation cover. Normalized Difference Vegetation Index 

and The soil-adjusted vegetation index were used. All selected rangeland sites exhibited NDVI and SAVI. Results showed that 

there were a number of important implications regarding using NDVI and SAVI. The results revealed that, the characteristics 

and different types of soils characterize different rangeland land sites as basic units for assessing special change when 

monitoring rangelands in semi-arid areas. Therefore, for better differentiation capacity we need to increase our understanding 

of vegetation structure and soil type in each range site. 
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1. Introduction 

Arid and semi-arid areas are characterized by low and erratic 

rainfall of up to 700mm per annum, with periodic droughts 

and diverse affiliations of vegetative cover and soils. 

Therefore, these ecosystems are susceptible to rapid land 

cover change by numerous variables, for example, low 

rainfall, overstocking, improper agricultural practices, 

seasonal fire outbreaks, frequent droughts, wind and water 

erosion (Darag and Yousif, 1996). North Kordofan State lies 

within this area which is characterized by a fragile ecosystem 

and considered as a major rangeland resource in Sudan. 

Accurate field estimation of vegetation cover and biomass is 

essential for any improvements in rangeland vegetation 

modelling and monitoring. It is very arguable on the accuracy 

and correctness of some present traditional rangelands 

measurements and monitoring techniques due to the common 

constraints of available time and fund and it requires 

resources that may not be accessible at all times. 

Characterization and identification of range sites require the 

use of soil survey maps, soil series descriptions, soil map unit 

descriptions, range site descriptions, and field information for 

specific sites (Manske, 2002). At the same time, there is 

difficulty in gathering this data as a result of the vast spaces 

and high cost of inventory particularly under Sudan 

conditions. Subsequently, to keep up the rangeland in a 
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productive condition, a land manager must have the capacity 

to describe rangeland conditions and observing their change 

over time. Remote sensing technology is perceived as a good 

tool for rangeland management given that it is fit for giving 

multi-temporal and times series information on the condition 

of the vegetation. 

Remote sensing data represent the best information for 

monitoring vegetation and mapping of land degradation and 

it has significant promise for development of more 

dependable and economically feasible measures of vegetation 

production over large areas. Consequently, it assumes an 

essential part in rangeland monitoring and assessment which 

are often difficult to access, and the cost of ground 

monitoring is expense. Revees et al (2001) stated that using 

MODIS data, it will be possible to characterize rangeland 

vegetation seasonality, estimate herbage quantity and, 

monitor the rates and trends of change in primary production. 

Reliable, objective and frequent productivity estimates will 

be accessible for even the most difficult to reach rangelands. 

This study was designed to investigate the use of remote 

sensing data that could help to secure information and data 

which are more efficient and effective to distinguish between 

different rangeland sites based on soil types for monitoring 

and management purposes. 

 

Figure (1). Location map of the Sudan with study area.  
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Table (1). Characteristics of the three selected sites (North Kordofan State). 

Study sites Location Vegetation 
Soil type % 

Clay Silt Sand 

Jebel Kordofan (Gardud) 15 Km East of Elobied city Grassland 16 6 82 

Um Glugi (Sand sheet) North of Elobied city Grassland/shrubs 4 2 95 

Demokeya (Sand dune) 40 Km North East of Elobied city Grassland/shrubs 6 4 90 

 

2. Materials and Methods 

2.1. Study Area 

The study was carried out in the North Kordofan state which 

is located in western Sudan between latitudes 11° 20' to 16° 

36' N and longitudes 27° 13' to 32° 24' E within arid and 

semi-arid zones (Fig 1). The study area was characterized by 

the diversity of environments and climate. It has an average 

annual rainfall of about 250 mm and it is characterized by 

great annual and seasonal variation in the amount and 

distribution. It has diverse vegetation resulting from the 

variability in soils and rainfall. Soils in the State range from 

sandy in the north to dark non-cracking clay soil in the south. 

The sandy soils cover an area of about 60% of the cultivable 

area, while the Gardud
1
occupies 30% and clay soils cover 

only 10%. The grazing resources are composed of a number 

of grasses and browse species in addition to crop residues. 

Three rangeland sites were selected in the study area (Jebel 

Kordofan, Um Gulgi and Demokeya). These sites selected 

based on soil type and vegetation characteristics. The soil of 

the first site is loamy sand soil and the second and the third 

types are mainly sandy soil but with different topographical 

feature. 

2.2. Remote Sensing Data 

2.2.1. Vegetation Indices Used 

Vegetation indices used in this study included Normalized 

Difference Vegetation Index (NDVI) and the Soil-Adjusted 

Vegetation Index (SAVI) images created from the MODIS 

TERRA surface reflectance. The NDVI was used to assess, 

monitor, and compare landscapes and it can be used to 

understand the various characteristics of vegetation 

community. It was chosen by Cummins (2009) to assess the 

spatial pattern of vegetation in semiarid rangelands of 

northern Spain relative to land use and land tenure. Wesis et 

al (2004) concluded that NDVI is an appropriate tool for 

describing the vegetation variability in arid and semi-arid 

regions and allows long time-scale investigations of 

                                                             

1Gardud is soil with compact and hard top layer characterized by low Water 

infiltration 

vegetation conduct because of climate variability. The NDVI 

is a normalized difference measure comparing the near 

infrared (NIR) and visible red bands using the formula: 

NDVI = NIR-Red / NIR+Red 

Where NIR (841-876 NM) and red (620-670 NM) are the 

surface reflectance for the respective MODIS bands. NDVI 

values usually range from -1 to +1. Because of high 

reflectance in the NIR portion of the electromagnetic 

spectrum, healthy vegetation is represented by high NDVI 

values between 0.05 and 1. 

Soil background has interfered with the light reflection in the 

application of vegetation indices and to adjust for soil 

background a soil-adjusted vegetative index (SAVI) was 

described by Huete (1988). The SAVI is based on the idea 

that, depending on the vegetation cover, the NDVI for 

different cover conditions does not converge at the same 

location. Therefore an L-factor is used to adjust the NDVI so 

that different vegetation densities will intersect the soil line at 

the same location. The soil adjusted vegetation index (SAVI) 

was defined as: 

SAVI = (NIR-R) /NIR+R+L) * (1+L) 

Where NIR stands for near-infrared, R stands for red and L is 

an adjustable parameter and typically 0.5. The resulting SAVI 

image, calculated using MODIS images, had a range of -1 to 

+1 real data (Jensen, 1996). 

2.2.2. Data Source and Analysis 

MODIS-TERRA 8 day 250- meter atmospheric corrected 

reflectance products (MOD09Q1) and 500- meter products 

(MOD09A1) were obtained from Land Processing 

Distributed Active Archive Centre (LPDAAC)for the purpose 

of this research. The MODIS product is Sinusoidal projection 

with the WGS84 datum. The images are available for a time 

series of 2005 to 2011in February, April and October. Site of 

the research within the study area (Jebel Kordofan, Um Gulgi 

and Demokeya) and sample plots were located with the help 

of Global Positioning System (GPS). The images were 

composites generally located in the middle of each month. 

These images were processed and subset to produce NDVI 

and SAVI times series for each site and produced as new 
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images. The NDVI and SAVI were calculated for the selected 

rangeland sites from 2005-2011 to investigate annual 

variations of vegetation indices during growing season and 

during dry years (where grasses disappeared while trees are 

still green). Spectral responses were examined for three sites 

to distinguish between rangeland sites in the dry season using 

the mean values of NDVI and SAVI. The ERDAS imagine 

image processing package was used to obtain the values of 

NDVI and SAVI then the mean of NDVI and SAVI were 

obtained for each site interval by time to assess changes in 

rangeland biomass between different range sites. 

3. Results and Discussion 

3.1. Seasonal Changes in NDVI and SAVI 

The seasonal pattern in vegetation indices (NDVI and SAVI) 

is used in this study in order to examine their changes 

throughout the year and especially during the rainy season. 

Time series of NDVI and SAVI values of the gardud site 

during rainy season from 2005 to 2011 are presented in Fig 

(2). This site showed the largest values in SAVI response 

compared to NDVI. The lower values of NDVI reflect the 

effect of soil backgrounds. Huete and Jackson (1987) found 

that the soil-type had the greatest effect on NDVI values 

between 40 and75% vegetative cover. Several studies 

(Cakiret al, 2006) have shown that NDVI techniques produce 

limited discriminating abilities in areas less dominated by 

vegetative ground cover types. The higher SAVI values at 

gardud site might be due to the existence of some grasses 

patches and shrubs, Vegetation of arid and semi-arid 

rangelands often appear patchy with many herbaceous 

species associated with shrub species. Ghaemi et al (2012) 

pointed that radiation reflection varies with soil properties 

and other soil factors depending on vegetation cover density; 

therefore, estimation of vegetation cover based on remote 

sensing data is very complicated. There are similar features 

in terms of the general response of the NDVI and SAVI 

during the rainy season for seven years from (2005-2011) in 

the sand sheet and sand dune sites (Figures3 and 4). 

Generally, the results showed relatively high values of NDVI 

compared to SAVI values time series. High NDVI values are 

an indication of high photosynthetic activity and biomass 

accumulation during the rainy season. 

The seasonal changes in the NDVI values over time can be 

interpreted as a measure of changing vegetation dynamics 

over that time and differences in rainfall, The results clearly 

confirmed that the NDVI response to rainfall are generally 

controlled by soil types. Elhag and Walker (2008) also 

reported comparable results where they observed that there is 

a solid relationship between the peak NDVI and cumulative 

rainfall, because vegetation as part of the ecosystem is very 

sensitive to climate variability. However, both the growing 

season and the total amount of vegetation are strongly 

affected by climatic variability. 

The ability of any remote sensing index to estimate biomass 

depends upon the reflectance characteristics of both the 

vegetation and the soil background. The variability in the 

NDVI and SAVI values of the three selected range sites for 

the 2005-2011 during the rainy season (October month) is 

shown in Fig (5). There are general trends in changes among 

sites. The highest NDVI values were reported for the sand 

sheet and sand dune sites. This can be attributed to the dense 

vegetation cover (both range and woody species). The 

differences from site to site are due to differencing amounts 

of vegetation, soil types and land use pattern. The results 

expressed the fact that sand sheet and sand dune sites were 

not affected by soil background, then when soil reflectance 

was low, the sensitivity of NDVI decreased. The lower values 

of NDVI for the gardud site could be also due to spectral 

influences of bare soil and decreasing soil moisture may also 

moderately produce this low NDVI values. These results 

confirmed the findings of previous studies (Chahouket al, 

2012) indicated that the spatial distribution of plant species 

and communities over a small geographic area in desert 

ecosystems is related to heterogeneous topography and 

landform pattern. The high and low value of NDVI over time 

in the three rangeland sites is characteristics of vegetation 

growth and is therefore taken as an indication of the 

occurrence of vegetation. Verhulst et al, (2009) stated that 

vegetation type, phonology, and distribution, as well as soil 

type, climatic conditions, and land use are all factors that 

affect NDVI values. 

The SAVI values for different range sites investigated are 

shown in figure (6). The Gardud site recorded the highest 

SAVI values compared to other range sites. This result was 

attributed mainly to the effects of soil background, because 

reflectance properties are produced by the patchy distribution 

of soil types and vegetation communities. Ahmed (2012) 

stated that the soil background is a main surface factor 

controlling the spectral behavior of vegetation canopies and 

on which there trieval of biophysical characteristics of the 

canopy depends. 

Peng and Jian-fei (2008) stated that NDVI images generally 

reflect land cover as a whole, and are able to distinguish 

quantitatively the vegetation from other, they are fit for 

investigation of a great area. SAVI images (Fig, 5to 15) give 

much importance to the information of internal difference of 

the vegetation as they expand the extracted spatial 

information of the vegetation to a certain extent, so they can 

provide major references for the information extraction of 

different vegetation type. 
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Figure (2). Shows NDVI and SAVI values time series (2005-2011) in the gardud site.  

 

Figure (3). Shows NDVI and SAVI values time series (2005-2011) in the sand sheet site.  

 

Figure (4). Shows NDVI and SAVI values time series (2005-2011) in the sand dune site.  

 

Figure (5). Shows Comparison of averages time – series NDVI profiles of selected sites. Profiles represent average NDVI values (using mean site pixel values) 

for 2005-2011.  
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Figure (6). Shows Comparison of averages time – series SAVI profiles of selected sites. Profiles represent average SAVI values (using mean site pixel values) 

for 2005-2011.  

 

Figure (7). Shows NDVI time – series profiles of three selected range sites for the dry season of 2005-2011. NDVI values represent mean pixel values within 

each site.  

 

Figure (8). Shows spectral reflectance time – series profiles of three selected range sites for the dry season of 2005-2011. Spectral reflectance values represent 

mean pixel values within each site.  
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Figure (9). NDVI and SAVI derived from 2005 MODIS image in the selected rangeland sites.  
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Figure (10). NDVI and SAVI derived from 2006 MODIS image in the selected rangeland sites.  
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Figure (11). NDVI and SAVI derived from 2007 MODIS image in the selected rangeland sites.  
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Figure (12). NDVI and SAVI derived from 2008 MODIS image in the selected rangeland sites.  
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Figure (13). NDVI and SAVI derived from 2009 MODIS image in the selected rangeland sites.  
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Figure (14). NDVI and SAVI derived from 2010 MODIS image in the selected rangeland sites.  
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Figure (15). NDVI and SAVI derived from 2011 MODIS image in the selected rangeland sites.  

3.2. Changes in NDVI Time Series During 

Dry Season 

Average NDVI values for the dry period (February month) 

were calculated for each range site in each year. The 

NDVIvalues of the sand site, generally reflects woody cover 

(Fig 7). However, the greater NDVI values of the sand site 

curve are indicating the existence of trees in this site. In the 

other sites there are some trees and shrubs, these seem to 

have little influence on the NDVI. Differences in NDVI 

values between different rangeland sites may be attributed to 

differences in cover which represented variation in density 

and size of plant in each site. Due to the differences in the 

environmental conditions there were differences in the 

woody density between sites. This result support those of 

Aguilar et al (2012) they found that NDVI of woody 

vegetation can be used as an indicator of ground water 

availability and precipitation inputs. 
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3.3. Soil Spectral Reflectance Variations 

The spectral reflectance values for soil using band seven of 

MODIS imagery is shown in Fig (8) and their mean values 

were calculated for the three selected rangeland sites from 

2005 to 2011 during dry seasons mainly April. The results 

indicated that the gardud site showed lowest spectral 

response compared with the other sites and it is clear that it 

could be distinguished using this band with MODIS images. 

This may be due to the fact that this site appears black (dark) 

on the top surface. Therefore, the low reflectance value is due 

to this black, which absorbs a large amount of the incident 

light. In contrast, bright soils exhibit low reflectance values. 

The bright soils are found on the other sites (sand sheet and 

sand dune sites), where soil sand content is high and surface 

moisture is quite low. 

Variations in spectral values that could be measured for the 

three-rangeland sites primarily related to soil properties, 

because the soil has a particular spectral signature that 

differentiates it from other land cover types. This result in 

agreement with Post et al., (1994) stated that the surface 

reflectance value of a soil is related to a number of factors, 

physical and chemical properties of the soil, and to the 

condition of the surface. Frederiksen (1993) also pointed that 

different soil types have different spectral characteristics, and 

thus the uncovered soils contribute differently to the spectral 

signature according to soil type. 

4. Conclusion 

The use of the MODIS- derived NDVI and SAVI showed 

differences among sites and it can be used to detect 

differences in the reflectance patterns between the soil 

background and the vegetation. According to results, it has 

been observed that all sites exhibit high NDVI values except 

gardud site, which showed high SAVI values. This is 

attributed to the pattern of plant growth, while the variation 

between sites is attributed to the differences of soil 

characteristics as linked to its influence on vegetation type. 

The results also investigated that the greater values of NDVI 

in the dry season on the sand site are attributed to the higher 

density of trees. It has also shown that the use of MODIS 

band 7 has enabled to distinguish gardud site from other sites 

(Sand sheet and/or Sand dune sites) mainly due to 

remarkable differences in the soil characteristics. The 

observations we collected from this study confirmed that 

these indices can be used to distinguish between different 

rangeland sites having different characteristics based on soil 

types. This could be used for assessing and monitoring 

rangeland in semi-arid areas of Sudan. 
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