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Chapter

Use of Geoinformatics Techniques 
for the Assessment and Mapping 
of Soil Salinity: Concepts and 
Applications
Olumuyiwa Idowu Ojo and Masengo Francois Ilunga

Abstract

Irrigated agriculture has a major impact on the environment, especially soil 
degradation. Soil salinity is a critical environmental problem, which has great 
impact on soil fertility and overall agricultural productivity. Since, soil salinity 
processes are highly dynamic, the methods of detecting soil salinity hazards should 
also be dynamic. Remote sensing data are modern tools that provide information on 
variation over time essential for environmental monitoring and change detection, 
as they also help in the reduction of conventional time-consuming and expensive 
field sampling methods, which is the traditional method of monitoring and assess-
ment. This chapter thus reviewed the concepts and applications of remote sensing, 
GIS-assisted spatial analysis and modelling of the salinity issue in irrigation fields. 
Generally, compared to the labour, time and money invested in field work devoted 
to collecting soil salinity data and analysis, the availability and ease of acquiring 
satellite imagery data and analysis made this concept very attractive and efficient.

Keywords: soil salinity, empirical model, salinity model

1. Introduction

Since civilization, irrigation has enabled societies to produce sufficient food, as 
irrigated agriculture has contributed immensely to increased food production and 
improved quality of life for millions over the past years [1]. According to Thomas 
[2], irrigation represents an alteration of the natural conditions of the landscape 
by extracting water from an available source, adding water to fields where there 
was hitherto little or none, and introducing man-made structures and features to 
extract, transfer and dispose water, while achieving the main objective of providing 
plants with sufficient moisture. All methods of irrigation are prone to affect the 
environment negatively if not properly managed. Surface irrigation methods could 
lead to waterlogging, which degrades the plant root environment and thus leads to 
increase in soil salinity and erosion [3]. In addition, the sprinkler method may lead 
to soil structure destruction due to impacts of water drops and crust formation on 
the soil [4]. The realisation of the adverse effects, the need to avoid them and to 
ensure long-term benefits of projects led to the concept of sustainability. Thus this 
chapter critically reviewed the concepts and applications of geoinformatics tech-
niques for the assessment and mapping of soil salinity.
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2. Irrigation and agricultural soils

Irrigation development and practices have been observed to have adverse 
impacts on the physical and chemical properties of soil and the environment in 
general. According to Amdihun [5] some of the adverse impacts of irrigation 
schemes on soils include salinisation, alkalization, waterlogging, soil pollution 
and soil acidification. These have adverse effects on sustainable soil productivity, 
especially if not regularly monitored and assessed. Soil salinity is a major environ-
mental factor limiting productivity of agricultural lands and has been observed as 
a major adverse effect of irrigation. It has been known to cause destruction of many 
agricultural projects [6]. The application of irrigation water even when considered 
to be of excellent quality is a major source of soluble salts and leads to input of salts 
onto the soil. According to Sharma and Rao [7], these accumulated soluble salts 
content in the soil is called soil salinity and they cause land degradation and affect 
food production resulting into toxicity to sensitive crops at high concentration. This 
problem does not only reduce agricultural productivity but also has a consequential 
effect on the livelihood strategies of small farmers [8]. Although salinisation is a 
natural process, which accompanies irrigation practice, proper irrigation manage-
ment can prevent salt accumulation by providing adequate drainage to leach soluble 
salts from the soil and constantly lower the water table. Tsutsi’s [9] study reported 
that about 2.1 million ha of irrigated land in Central Asia is affected by salinisation 
and nearly 1.0 million ha of land has been abandoned to prevent further soil degra-
dation. A study by Stockle [1] indicated that about one-third of the irrigated land in 
the major irrigation countries of the world is already badly affected by salinity. The 
estimates showed that 13% of the irrigated lands in Israel, 20% from Australia, 15% 
from China, 50% from Iraq and 30% from Egypt have been affected by salinity. 
In India alone, Singh [10] reported that 3.4691 million ha of land has been seri-
ously affected by salt. The effect of salinity on irrigated lands was documented by 
Surujmia [11] as shown in Table 1 for top five irrigation countries in the world in 
the mid-1980s.

2.1 Soil salinity

The United States Department of Agriculture (USDA) according to Richards 
[13]defined electrical conductivity of the saturation extract of soil (ECe), pH of the 
saturated soil paste (pH) and exchangeable sodium percentage of the soil (ESP) of 
saline soils as ECe more than 4 dS/mat 25°C, pH less than 8.2 and ESP less than 15. 

Country Area damaged

Million ha

Share of irrigated land damaged

%

India 20.0 36

China 7.0 15

United States 5.2 27

Pakistan 3.2 20

Soviet Union 2.5 12

Total 37.9 24

World 60.2 24

Source: Surujmia [11] (adapted from Postel [12]).

Table 1. 
Irrigation land damaged by salinity in the mid-1980s.
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He also defined sodic soils having pH more than 8.2 and ESP of 15 or more. Based 
on USDA classification, ECe may be high for salts capable of alkali hydrolysis, while 
saline-sodic soils have pH greater than 8.2 at 25°C, ECe greater than 4 dS/m and 
the ESP greater than 15. These soils are often formed due to a combined process of 
salinisation and sodification. Thomas [14] classified salt-affected soils according 
to EC (electrical conductivity), SAR (Sodium Adsorption Ratio) and pH of the soil 
extract (Table 2).

2.2 Soil salinity assessment

Saline fields can be simply identified by the presence of spotty white patches 
of precipitated salts. Such precipitates usually occur in elevated or non-vegetated 
areas, where water evaporates and leaves salt behind.

2.2.1 Field measurement

Soil salinity is measured on the field by its electrical conductivity (EC). The SI 
unit of EC is dS/m and is measured with hand-held conductivity meter. Soil salinity 
on a large scale is mapped with an electromagnetic (EM) conductivity meter [15]. 
Table 3 gives the criteria for soil salinity and sodicity measurement.

2.2.2 Geoinformatics techniques

Salinity is a dynamic process and to assess the extent of salinity, modelling is 
often required. Geoinformatics approach is a modern technique, which involves 
the combinations of global positioning system (GPS), satellite remote sensing data 
(SRS) and geographical information system (GIS) modelling tools. Geoinformatics 
involves the acquisition, processing, analysis and management of geographic or 
spatial information. Spatial information is concerned with knowing what (object) is 
where (space) and when (time). Data are usually collected using techniques such as 
GPS, remote sensing, orthography, total station and the use of the more traditional 
surveying equipment such as theodolite, level. Among these techniques, the newer 
and more prominent of them are the GPS and remote sensing [16].

EC (mmhos/cm) pH SAR

Saline soil >4 <8.5 <13

Sodic soil <4 8.5–10 >13

Saline-sodic soil >4 <8.5 >13

Source: Thomas [14].

Table 2. 
Classification of salt-affected soils.

Key to degree of salinity/sodicity Salinity ECe (dS/m) Sodicity pH ESP

Slight 4–8 8.2–9.0 <15

Moderate 8.25 9.0–9.8 15–40

Strong >25 >9.8 >40

Source: Adapted from Ojo [15].

Table 3. 
The criteria for soil salinity and sodicity.
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2.2.2.1 Global positioning system (GPS)

GPS is a satellite positioning and navigating system technology that continues to 
gain wide usage and applications worldwide. Input of data directly on the field this 
way, saves time and greatly facilitates subsequent processing. The GPS data logger 
permits direct interfacing with GIS, the data base management system (DBMS) for 
spatial analysis [17].

2.2.2.2 Geographical information system

A computer system for the input, editing, storage, maintenance, management, 
retrieval, analysis, synthesis and output of geographically referenced or spatial 
information is defined as a GIS [18]. Ojo [15] stated that GIS is a tool used to analyse 
and interpret the remotely sensed data. It can also be used for the analysis and 
interpretation of physically collected data as well. A model is a representation of 
reality; models can help understand, describe or predict how things work in the 
real world. According to ESRI [18], there are two types of models, namely those 
that represent the objects in the landscape (representation models) and those that 
attempt to simulate processes in the landscape (process models). Representation 
models describe the objects in the landscape, such as buildings, streams or forest, 
while process models describe the interaction of the objects that are modelled in 
the representation model. Process models include suitability modelling, distance 
modelling and hydrological modelling [15].

2.2.2.3 Satellite remote sensing (SRS) concepts

Monitoring environmental changes is quite difficult with the traditional method 
of surveying. In recent years, satellite remote sensing techniques have been devel-
oped, which have proved to be of immense value for preparing accurate land use/
land cover maps and monitoring changes at regular intervals of time [19]. This 
technique, in cases of inaccessible region, is the only method of obtaining the 
required data on a cost- and time-effective basis. In this technique, a remote sensing 
device records reflective response, which is based on many characteristics of the land 
surface, including natural and artificial cover. In addition, an interpreter uses the 
element of tone, texture, pattern, shape, size, shadow, site and association to derive 
information about land cover. It is often believed that no single classification could 
be used with all types of imagery and all scales as information about change is neces-
sary for updating land cover maps and the management of natural resources and 
such information may be obtained by visiting sites on the ground and or extracting it 
from remotely sensed data [20]. Change detection is defined by Singh and Dwivedi 
[21] as the process of identifying differences in the state of an object or phenomenon 
by observing it at different times. Monitoring and managing natural resources and 
urban development is an important change detection process because it provides 
quantitative analysis of the spatial distribution. Detecting the changes that have 
occurred in the process involved identifying the nature of the change, measuring the 
area extent of the change and assessing the spatial pattern of the change [22].

3. SRS application for mapping of salt-affected soils

Application of satellite remote sensing for surveying and mapping of salt-
affected areas began with the use of photography (black and white). The relatively 
bright appearance provides the information about salinity due to the efflorescence 
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of salt crust [21]. The aerial photographs have been used to delineate units based 
on the combination of geomorphologic differences and differences in greytones. 
Attempts were also made to relate the differences in the greytones with the salt 
content [23]. In addition, indirect features like landscape may help to identify the 
problems of soil salinity. Relative elevation is one of the most evident landscape 
features in relation to salinity and moisture provided by saline and shallow ground-
water table. Satellite remote sensing (SRS) data are modern tools that provide 
information on variation over time essential for environmental monitoring and 
change detection in mining areas [24–26]. SRS also helps in the reduction of con-
ventional, time-consuming and expensive field sampling methods, which are the 
traditional methods of monitoring change detection [27–29]. Dehaan and Taylor 
[30] used field-derived spectra of salinized soils and vegetation as indicator of 
irrigation-induced soil salinisation for identification of saline soil regions. In a study 
using spectral un-mixing method in snow cover estimation, NOAA-AVHRR data 
was used to examine the ability of real times now cover estimation at sub-pixel level 
[15]. Also, Okin and Roberts [31] showed the used of multiple end member spectral 
mixture analysis (MESMA) in retrieving information about soil. He showed that 
MESMA is capable of mapping soil surface types even when vegetation type cannot 
be reasonably retrieved. McGwire et al. [32]compared linear mixture model based 
on calibrated atmospherically corrected hyper spectral imagery to show its relative 
ability to measure small differences in per cent green vegetation cover for the areas 
of sparse vegetation in arid environments. Metternicht and Zink [33] reported that 
multi-temporal optical and microwave remote sensing can significantly contribute 
to detecting temporal changes of salt-related surface features. Bastiaanssen [34] 
reported the IWMI review of different RS applications for water resources manage-
ment. According to him, bands in the near- and middle-infrared spectral bands give 
information on soil moisture and salinity [35, 36]. A salinity index based on green-
ness and brightness indicating leaf moisture influenced by salinity, with classical 
false colour composites of separated bands or with a computer-assisted land-surface 
classification can be used to identiy salinized and cropped areas [37–40]. In order to 
detect soil salinity anoma lies, some studies used the brightness index appearing at 
high levels of salinity with TM bands 5 and 7 as the best in showing the physiological 
conditions of a crop while, TM bands 3 and 4 are better suited to describing overall 
crop development [40–43]. Most of these studies were based on multispectral 
scanner (MSS) and thematic mapper (TM) data because the Satellite Probatoire 
d’Observation de la Terre (SPOT) and Indian Remote Sensing Satellite (IRS)‘s sensors 
used have no bands greater than 1.7 mm. In another study by Joshi and Sahai [44], 
they discovered that TM with an accuracy of 90% for soil salinity mapping was bet-
ter than MSS, which has 74% accurate. Thus, comparing the accuracy of TM, MSS, 
and SPOT, TM was found to be the best multispectral radiometer for soil-salinity 
mapping and thus TM was better in application [45].

3.1 SRS applications in different countries

Johnston and Barson [46] found that the application of SRS in Australia for the 
identification of saline areas was most successful during peak vegetation growth 
and also in other periods but salinized areas with low fractional vegetation cover 
could not be distinguished from areas that were bare because of overgrazing, ero-
sion or ploughing. However, Siderius [47] concluded the opposite, that is, salinity 
is best seen at the end of irrigation or the rainy season when the plots are bare. 
In another study by Johnston and Barson [46] on SRS applications in Australia, 
they found that discrimination of saline areas was most successful during peak 
vegetation growth. It was also discovered that salinity was best expressed at the 
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end of the irrigation or rainy season with bare plots. In a study in Punjab, India by 
Venkataratnam [48] using MSS images of pre-monsoon, post-monsoon and harvest 
seasons to map soil salinity, he concluded that the spectral curves of highly and 
moderately saline soils change considerably during the annual cycle, which signifi-
cantly complicates the time-compositing procedure. In another study by Vincent 
et al. [40] in Pakistan, which was based on a classification-tree procedure, the first 
treatment was to mask vegetation from non-vegetation using normalised differ-
ence vegetation index (NDVI). Thereafter, the brightness index was calculated to 
detect moisture and salinity on fallow land and abandoned fields. His approach was 
suitable for locating blocks that had malfunctioning drainage networks and that 
were based on these two classes; the levels of soil salinity could be mapped with an 
accuracy of 70%. Areas of high salinity were 66% accurate and non-saline areas 
were 80% accurate. Goossens and Ranst [49] as reported in Salman [50] analysed 
the beginning, middle and end of the growing season in the western Nile Delta and 
concluded that single image may be suitable for detecting severely salinized soils, 
but more gradations can be determined using temporal images.

Different studies by researchers on direct observations on bare soils and indi-
rectly by vegetation cover as reported by IDNP [51] showed that for the visible part 
of the spectrum, the soil reflectance of salt cover areas was found to be prominent. 
The bands in the middle infrared gave information of moisture content, because 
they are often associated with salt content differences. The report depicted that lack 
of vegetation or scattered vegetation and highly salt-affected soil surfaces make it 
possible to directly detect salt on the surface. The main factors affecting the reflec-
tance are the quantity and mineralogy of salt, moisture, colour and roughness as 
indicated by ground observations and radiometric measurements as the evaluation 
of soil surface remains under the influence of external factors such as ground water 
quality, variation of depth, wetting/drying cycles and wind. Metternicht and Zinck 
[52] through their study stated that the main factors affecting the reflectance are the 
quantity and mineralogy of salts together with soil moisture, soil colour and terrain 
roughness, which in turn are controlled by different combinations of salts and type 
of soil surface, texture and organic matter content as measured with ground obser-
vation and radiometric measurement in the visible and near infrared wavelengths.

The SPOT spectral data, soil morphological, physical and chemical properties 
when analysed showed that many surface and some subsurface soil properties were 
significantly correlated. The ratio of the values in red and infrared band seems to be a 
better technique to employ when subsurface soil properties are of interest using bright-
ness index, which has proved to be a more useful spectral parameter if surface soil 
properties are to be extracted from satellite data. The near and middle infrared bands 
give reasonable information on soil moisture and salinity [36]. The spectral behaviour 
of salt-affected soils when compared to normal cultivated soils showed relatively 
high spectral response in visible and near infrared regions as the new ratio is immune 
to colour variations and provides an indication of leaf water potential. Because the 
vegetation cover modifies the overall spectral response pattern of salt-affected soils 
especially in the green and red spectral bands, strongly saline-sodic soils were found to 
have higher spectral response as compared to moderately saline-sodic soils.

Spatial resolution has significant effect on enhancing the identification of salt-
affected soils and crops. Steven et al. [53] stated that based on some past research in 
comparing the accuracy of TM, MSS and SPOT, they found TM to be the superior 
multispectral radiometer for soil salinity mapping and that digital classification 
techniques can also help in improving the identification and mapping of salt-
affected soils or crops. According to Salman [50], excess soil moisture can cause a 
change in soil colour and a change in soil reflectance properties being detected by 
remote sensing and accumulation of organic matter; soil colour is generally darker 
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in poorly drained areas than well-drained soils. The visible bands in Landsat-MSS 
data can be used to identify this colour. Baber [54], as cited in IDNP [51], pointed 
out that colour infrared photography could indicate drainage problems by soil mois-
ture saturation or plant stress. Shallow water tables exhibit an increase in surface 
moisture, which can be detected from visible reflectance and microwave emissivity.

3.2 SRS Landsat and other sensors

With the launching of the Landsat Satellite 1972, researchers began to use 
satellite data for monitoring mining activities in different parts of the world [23]. 
The applicability of Landsat imagery for monitoring soil-salinity trends was 
tested in two areas of Punjab and Sindh, India using black-and-white mosaics of 
Landsat MSS band 5 at a of scale 1: 250,000 during the months of March, April 
and December, thereafter were visually interpreted and compared with surface 
salinity maps of the same scale. As reported by WAPDA [55]. Sahin et al. [56] used 
three Landsat geo cover datasets from 1970 to 2000 to detect temporal changes in 
the Zonguldak coal test field. Landsat MSS was discovered for the identification 
of broad land cover changes of the Western part of Horqin steppe, Inner Mongolia 
Autonomous Region [57]. Landsat images were used for studying land use dynam-
ics and soil degradation in Tamduong district of Vietnam by van Trinh et al. [58]. 
Landsat data from 1976 to 2002 were used to detect changes in land cover in the 
Yazd-Ardakan basin, Iran [59]. The analysis of land cover change of the Oil Sands 
Mining Development in Athabasca, Canada was carried out by Latifovic et al. [60] 
using information extraction method applied to two Landsat scenes. Vegetation 
and brightness indices derived from SPOT XS were used to classify salinity for 
vegetative and non-vegetative areas by Vidal et al. [61] and Tabet [62]; the results 
were used to identify highly saline and non-saline areas. Cialella et al. [63] used 
the combined GIS/RS approach for predicting soil drainage classes that does not 
focus on soil salinity, but can be modified for salinity detection using airborne 
NDVI data, digital elevation data and soil types. The problem of spectral similar-
ity where the dull-white tones of salt-affected and sandy soils have been difficult 
to distinguish was studied by Verma et al. [64] by combining the TM false colour 
composite (FCC) bands 2, 3 and 4 with thermal data at 10.4–12.5 mm to solve it. 
Salt-affected soils in Etah, Aligarh, Mainpuri and Mathura districts were classified 
into S1: <10% of the salt-affected area, S2: 10–30%, S3: 30–50%, S4: 50–75% and 
S5: >75%, using the integrated approach to image interpretation. It was discovered 
that data between March and first week of April were significantly better because 
of maximum contrast. The standard deviation and correlation coefficient values 
of TM data were used to compute a statistical parameter called the optimum index 
factor (OIF) in order to identify the most appropriate three-band combination 
of Landsat TM reflective-band data for identifying salt-affected soils [65]. Three 
bands combination of 1, 3, and 5 was found to be the best in terms of information 
content. The validation of results revealed a mixed relationship between rank-
ings obtained from OIF values and estimated accuracy. The potential of image 
transformations such as principal-component analysis (PCA), rationing and image 
differencing to detect changes in extent and distribution of salt-affected soils using 
Landsat MSS data for 1975 and 1992 to study the alluvial plains of Uttar Pradesh 
was demonstrated by Dwivedi and Sreenivas [66]. Results indicated that the third 
principal component, image differencing and rationing of the first two bands 
provided substantial information about behaviour of salt-affected soils over time 
in the two periods. A synergistic approach to map salt-affected surfaces, combining 
digital image classification with field observation of soil-degradation features and 
laboratory determinations was carried out by Metternicht and Zinck [33]. In order 
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to obtain the highest separability between salt- and sodium-affected soils, Landsat 
TM bands 1, 2, 4, 5, 6 and 7 were combined to result in an overall accuracy of 64% 
while for some soils 100% accuracy was obtained. To compare differences in salt-
affected and waterlogged lands before and after implementation of the SCARP-1 
programme, Chouchri et al. [67] used aerial photographs from 1953 to 1954 and 
1976. Their study concluded that the waterlogged areas had decreased in extent but 
had often become saline and that large areas with salt-affected soils were still out of 
cultivation leaving only small patches of slightly saline soils under cultivation. Dean 
et al. [68] used processed satellite images for change detection in order to moni-
tor expansion of mining activity and its progressive reclamation and to support 
environmental management, monitoring and sustainable development reporting of 
the Shell Canada and Albian Sands mine operations in northern Alberta, Canada. 
Therefore, data collected by the MSS and TM will continue to be used as a historical 
global database [69], but updated and newer sensors with greater spectral/temporal 
resolution will allow even more precise land cover classification.

3.2.1 Radiometric correction

Many studies have shown the wide application of Landsat images being used for 
land cover mapping and the creation of vegetation inventories at different spatial 
scale information on the earth’s surface characteristics [70, 71], despite the exis-
tence of limitations in the use of Landsat data for multi-temporal studies because of 
problems in obtaining homogeneous time series. Efforts have been made in the past 
to reduce non-surface noise in Landsat images and to calibrate the sensor to correct 
radiometric trends [72] and reduce the influence of topography [73, 74]. According 
to Schroeder et al. [75], other studies have shown that the application of accurate 
sensor calibrations and complex atmospheric corrections does not guarantee the 
multi-temporal homogeneity of Landsat datasets because complete atmospheric 
properties are difficult to quantify, and simplifications are commonly assumed. 
There are many protocols proposed in pre-processing multi-temporal Landsat 
datasets [76]; these protocols are geometric correction, calibration of the satellite 
signal to obtain top of the atmosphere radiance, atmospheric correction to estimate 
surface reflectance, topographic correction and relative radiometric normalisation 
between images obtained on different dates. Prior to geometric processing, radio-
metric processing is recommended to be done, since this re-sampling step gener-
ally smoothens the dataset [77]. Some studies have analysed the role of complete 
radiometric correction protocols in processing multi-temporal Landsat data when a 
number of different vegetation processes are of interest. Their results found out that 
land classification and forest succession serve as a function of the radiometric cor-
rection applied [75, 78]. Radiometric correction and geometric correction processes 
are required to obtain accurate time series of Landsat imagery.

3.3 Soil salinity digital analysis and modelling

The process of delineation of salt-affected soils under bare condition and 
cropped condition using remote sensing investigation has enabled the soil salin-
ity analysis, mapping and modelling. A brightness index is meant to detect high 
levels of brightness appearing at high levels of salinity; thus salinity index based 
on greenness and brightness that describes leaf moisture as influenced by salinity 
salinized and cropped areas can be identified with classical false colour composites 
of separated bands, or with a computer-assisted land surface classification [39, 40]. 
The unique patterns of geomorphologic shapes are thought to be helpful in dis-
criminating the salinisation process from a physiographic perspective. A review by 
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Salman [50] stated that the application of remote sensing in contextual classifier for 
soil salinity mapping with a built GIS to link the location of the irrigation feeders 
and drainage master canals in the western Nile Delta with digital elevation data and 
satellite classifications is possible. He stated that the distance of field from the main 
irrigation canals, as well as to the field elevation difference with the main irrigation 
canals are considered proportional to soil salinity risks. In order to classify three 
different stages of waterlogging according to simple supervised procedure, TM 
bands 2, 3, 4, 5, 6 and 7 were used. Salinity can be detected through its impact on 
the vegetation and vegetation index is a common spectral index that identifies the 
presence of chlorophyll. A few vegetation indices have been proposed. In the study 
by Richardson et al. [79], an inverse relationship was observed between reflectance 
and salinity, as salt content induces less plant cover (decreasing of density, LAI and 
height) and sometimes slight salt deposition on surface associated with vegetation 
has similar reflectance as that of normal cropped area. Salt-tolerant plants are good 
references of salinity level on salt marshes but require good calibration. Contrasted 
associations of vegetation and bare soils can be more useful for salinity detection 
than individual surface types. RS information can be improved and modelled when 
it is integrated with other tools or platforms, for which a GIS is an appropriate tool.

3.3.1 Multi-criteria decision evaluation

Decision theory is concerned with the logic by which one arrives at a choice 
between alternatives [80]. The recommended alternatives vary from problem 
to problem. They might be alternative actions, alternative hypotheses about a 
phenomenon, alternative objects to include in a set and so on. Resource allocation 
decisions are also prime candidates for analysis with a GIS. Indeed, land evaluation 
and allocation are the most fundamental activities of resource development [81]. 
To meet a specific objective, several criteria are to be evaluated. Such a procedure 
is called Multi-criteria evaluation [82, 83]. One of two procedures most commonly 
achieves multi-criteria evaluation (MCE). A pair-wise comparison method has been 
used for the development of weights of the factors in the salt-affected soil analysis. 
The technique described and implemented in IDRISI is that of pair-wise compari-
sons developed by Saaty (1997) in the context of a decision-making process known 
as the Analytical Hierarchy Process (AHP). The first introduction of this technique 
to a GIS application was that of Rao et al. [84]; the procedure was developed outside 
the GIS software using a variety of analytical resources. In Saaty’s technique, 
weights of this nature can be derived by taking the principal eigenvector of a square 
reciprocal matrix of pair-wise comparisons between the criteria. Purevdorj et al. 
(1998) listed the current available methods to assess and model land vegetation 
cover and biomass from remotely sensed data into three basic methods: spectral 
mixture models, calibrated cover-radiance relationships and vegetation indices 
approaches.

3.3.2 Spectral mixture modelling

Linear and non-linear are the two types of mixture modelling. Linear mixture 
modelling assumes that each field within a ground pixel contributes an amount 
characteristic of the cover type in that field to the signal received at the satellite 
sensor and is proportional to the area of the cover type. The use of linear mixture 
method for modelling soil salinity is difficult because the location of pure end 
member for the green cover component. Non-linear mixing modelling occurs when 
radiation transmission occurs through one material and second reflectance occurs 
from other materials, or there are multiple reflections within or between materials; 
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thus a non-linear mixing model is needed to be generated to deal with this situation. 
According to Kimes and Nelson [85], non-linear models are more accurate in some 
circumstances, but certain non-linear curves or forms should be learned before 
application.

3.3.3 Cover-radiance relationships

To investigate the relationship between field collected canopy cover data and 
radiance data, cover-radiance relationship approach is required. Sensor data, such 
as Landsat TM, MSS and SPOT, are best suited to medium spatial resolution satellite 
since they require accurate measurement of vegetation cover on the ground cover-
ing the same area. This approach has been used in many earlier studies [86–89]. 
Problems with comparing satellite data and ground measurement include the 
accuracy of estimating a large area and the efficiency of the model for describing 
the canopy condition.

3.3.4 Vegetation indices

A vegetation index is a common spectral index that identifies the presence of 
chlorophyll. Various crop indices have been derived using the fact that chlorophyll 
strongly absorbs the light energy in the red part and highly reflects in the near 
infrared part. Research for specific analyses proposed number of vegetation 
indices [79]. As salt content induces less plant cover, an inverse relationship is 
observed between reflectance and salinity [79]. Salt-tolerant plants are good refer-
ences of salinity level on salt marshes but require good calibration. Contrasted 
associations of vegetation and bare soils can be more useful for salinity detection 
than individual surface types. Although the soil profile cannot be evaluated on 
remotely sensed imagery, spectral characteristics of the earth surface features 
that are indicative of subsurface conditions can be analysed. Because satellite 
multispectral data denote changes that aid in locating mapping units, they hold 
great promise for soil surveys and land use planning. Some relationships have 
been established between soil properties and spectral data; while most of these 
properties have been from the surface soil, subsurface properties that influence 
some surface characteristics were considered. Both subsurface and surface condi-
tions are regarded as plant canopy parameters while soil conditions are affected by 
genetic factors though satellite sensors observe only the ground surface. Therefore, 
when satellite imagery depicts a pattern based on a different spectral response, it 
is not unreasonable to attempt some inferences about subsurface soil patterns as 
limited attempts have been made in the past to identify the waterlogging and soil 
salinity problems using remote sensing techniques. Therefore, several studies were 
attempted to develop a methodology for diagnosis of waterlogging and soil and 
green vegetation have different modes of reflectance characteristics. The mixture 
of soil, green vegetation and shade in the pixels makes remote sensing of land 
cover a challenge but red and near infrared have been found to be good at detect-
ing green vegetation [88]. Therefore, most vegetation indices make use of the red 
and near infrared portions of spectral reflectance. The selection and suitability of 
a vegetation index is generally determined by its sensitivity to the characteristics 
of interest [87, 90]. Frequently used vegetation indices include simple ratio (SR), 
normalised difference salinity index (NDSI), normalised difference vegetation 
index (NDVI), soil-adjusted vegetation index (SAVI), enhanced vegetation index 
(EVI), green vegetation index (GVI) and transformed soil adjusted vegetation 
index (TSAVI) [71, 91]. These indices are not complete without the support of 
field-collected information.
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3.4 Hybrid method: SRS data, field data and GIS tool

The identification and mapping of saline soil is a combination of visual interpre-
tation of photographs, digital analysis of false colour composite (FCC) and digital 
analysis of surface radiation and vegetation index methods. Ground truth informa-
tion for calibration and validation is used to consolidate the methods. The combined 
use of field and spectral data termed hybrid method is highly encouraged as studies 
have shown that there are high correlations between variation of field-collected 
variables of vegetation canopy and spectral variation [92–94].

4. Conclusion

This work depicted the concepts and applications in the use of geoinformation 
techniques for the assessment, mapping and modelling of soil salinity as it relates to 
irrigated agriculture. It has been shown that the application of RS and GIS com-
bined with field data can be used for mapping and modelling of soil surface salinity 
in order to generate simple models that can be interpreted in physically meaningful 
maps in accordance with the subject paradigms. The studies of the use of Landsat 
TM and ETM+ to map and model soil surface salinity confirmed by the findings of 
Dimyati [95], Lewis [96] and Goossens et al. [45] that there are close relationships 
between field data and spectral data and that TM and ETM+ have high detection 
accuracy compared with MSS and SPOT. The process of mapping and modelling of 
salinity is necessary for updating land cover maps and the management of natural 
resources as suggested by Xiaomei and Ronqing [20] since irrigation-induced salin-
ity results in environmental, social and economic impacts of greater damage than 
benefit to the area [97]. Therefore, maps and models development on salinity are 
of great importance to planners in monitoring the consequences of land use change 
and in predicting future changes. Conclusively, a hybrid approach with the combi-
nation of supervised classification based on field visits to adjust the parameters is 
being considered at field salinity levels. Also, since Landsat sensor detects only the 
salinity on the surface of the soil and gives no detailed idea about the conditions 
below the surface, the use of overlaying salinity methods using advanced sensors 
like SPOT, hand-held hyper or aircraft-mounted spectrometer should be applied to 
increase the accuracy of detection.

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



12

Natural Resources Management and Biological Sciences

References

[1] Stockle CO. Environmental Impact 
of Irrigation. State of Washington Water 
Research Center. USA: Washington 
State University; 2001. Available from: 
http://134.121.74.103/newsletter/
irrimpact2.pdf [Accessed: July 20, 2019]

[2] Thomas WL. Surface irrigation 
system. 2003. Available from: http://
www.fao.org/3/T0231E/t0231e04.htm 
[Accessed: July 26, 2019]

[3] Sharma RK, Sharma TK. Irrigation 
Engineering. 3rd ed. New Delhi, India: S 
Chand and Company Limited; 2007

[4] Getahun M, Adgo E, Atalay A.  
Impacts of Irrigation on Soil 
Characteristics of Selected Irrigation 
Schemes in Upper Blue Nile Basin, June 
16-19, 2008. Ethiopia: Addis Ababa; 
2008

[5] Amdihun A. GIS and Remote Sensing 
Integrated Environmental Impact 
Assessment of Irrigation Project in 
Finchaa Valley Area, Catchment and 
Lake Research. Ethiopia: Addis Ababa 
University; 2007. pp. 118-128

[6] Sanda AO, Ayo SB. Impact 
of Irrigation Projects on Nigeria 
Environment, Chapter 4. Nigeria: Fact 
Finders International Ibadan; 1994. pp. 
62-80

[7] Sharma DP, Rao KVGK. Strategy for 
long term use of saline drainage water 
for irrigation in semi-arid regions. Soil 
and Tillage Research. 1998;48:287-295

[8] Tanwir FA, Nwa NU. Soil salinity 
and the livelihood strategies of small 
farmers: A case study in Faisalabad 
District, Punjab, Pakistan. International 
Journal of Agriculture and Biological 
Sciences. 2003;5:440-441

[9] Tsutsi H. Soil salinization and water 
Management in Arid Region of Aral 
Sea basin. In: AgEng Warwick 2000: 

Agricultural Engineering into the Third 
Millennium. 2000. pp. 1-40

[10] Singh NT. Irrigation and Soil 
Salinity in Indian Sub-Continent. USA: 
Lehigh University Press; 2005

[11] Surujmia MD. Identification of salt 
sensitive stages of wheat [thesis MSc. 
Agricultural Engineering Department], 
Bangladesh Agricultural University2011. 
pp. 1-59

[12] Postel L. The mesozooplankton 
response to coastal upwelling off 
West Africa with particular regard 
to biomass. Marine Science Reports. 
1990;1:1-127

[13] Richards LA. Diagnosis and 
improvement of saline and alkali soils. 
USDA Agricultural Handbook 60. 2010. 
Available from: http://www.ars.usda.
gov/Services/docs.htm?docid=10158 
&page = 2 [Accessed: March 22, 2019]

[14] Thomas GW. Exchangeable cations. 
In: Page AL et al., editors. Methods of 
Soil Analysis. Part 2. 2nd ed. Madison, 
WI: ASA and SSSA; 1996. pp. 159-165

[15] Ojo OI. Mapping and modeling of 
irrigation induced salinity in Vaal Harts 
Irrigation scheme, South Africa [DTech 
thesis] Submitted to the Department 
of Civil Engineering. South Africa: 
Tshwane University of Technology; 2013

[16] Ochieng GM, Ojo OI, Otieno FAO, 
Mwaka B. Use of remote sensing and 
geographical information system 
(GIS) for salinity assessment of Vaal-
harts irrigation scheme, South Africa. 
Environmental Systems Research. 
2013;2:4

[17] Adeleke OO, Aremu AG. 
Application of GPS for mapping of 
Nigerian roads. Nigerian Journal 
of Technological Development. 
2002;2(1):62-68



13

Use of Geoinformatics Techniques for the Assessment and Mapping of Soil Salinity: Concepts…
DOI: http://dx.doi.org/10.5772/intechopen.92443

[18] ESRI. Introduction to ARC 
View GIS. USA: Environmental System 
Research Institute, Inc.; 1998

[19] Olorunfemi JF. Monitoring urban 
land—Use in developed countries—
An aerial photographic approach. 
Environmental International. 
1983;9:27-32

[20] Xiaomei Y, Ronqing LQY. Change 
Detection Based on Remote Sensing 
Information Model and its Application 
to Coastal Line of Yellow River Delta 
– Earth Observation Center. China: 
NASDA; 1999

[21] Singh AN, Dwivedi RS. Delineation 
of salt-affected soils through digital 
analysis of Landsat MSS data. 
International Journal of Remote 
Sensing. 1989;10:83-92

[22] Macleod S, Congalton K.  
A quantitative comparison of  
change detection algorithms for 
monitoring eelgrass from remotely 
sensed data. Photogrammetric 
Engineering and Remote Sensing. 
1998;64(3):207-216

[23] Coker AE. The application of remote 
sensing technology to assess the effects 
of and monitor change in coal mining 
in Eastern Tennessee. In: Proceedings of 
the First Annual William Symposium, 
Falls Church. 1997. pp. 95-105

[24] Manu A, Twumasi YA, Coleman TL. 
Application of remote sensing and 
GIS technologies to assess the impact 
of surface mining at Tarkwa, Ghana. 
Proceedings of IGARSS’2004 
Symposium, Honolulu, Hawaii, July 
24-28. 2004

[25] Schmidt H, Glaesser C.  
Multi-temporal analysis of satellite 
data and their use in the monitoring 
of the environmental impacts of open 
cast lignite mining areas in Eastern 
Germany. International Journal of 
Remote Sensing. 1998;24(16):3311-3340

[26] Serra P, Pons X, Sauri D. Post-
classification change detection with data 
from different sensors: Some accuracy 
considerations. International Journal of 
Remote Sensing. 2003;19:2245-2260

[27] Haboudane D, Bonn F, Royer A, 
Sommer S, Mehl W. Land degradation 
and erosion risk mapping by fusion 
of spectrally based information and 
digital geomorphometric attributes. 
International Journal of Remote 
Sensing. 2002;23:3795-3820

[28] Limpitlaw D, Woldai T. Land use 
change detection as an initial stage in 
environmental impact assessment on the 
Zambian Copperbelt. In: Proceedings: 
28th ISRSE: Information for Sustainable 
Development, Cape Town, 27-31 March, 
2000. 2000

[29] Rathore CS, Wright R. Monitoring 
environmental impacts of surface coal 
mining. International Journal of Remote 
Sensing. 1993;14:1021-1042

[30] Dehaan RL, Taylor GR. Field-
derived spectra of salinized soils and 
vegetation as indicators of irrigation-
induced soil salinization. Remote 
Sensing of Environment. 2002;80:406. 
DOI: 10.1016/S0034-4257(01)00321-2

[31] Okin GS, Roberts DA. Practical 
limits on hyperspectral vegetation 
discrimination in arid and semi arid 
environments. Remote Sensing of 
Environment. 2001;77(2):212-225

[32] McGwire KC, Friedl MA, 
McIver DK. An overview of uncertainty 
in optical remotely sensed data 
for ecological applications. In: 
Hunsaker CT, Goodchild MF, 
Friedl MA, Case TJ, editors. Spatial 
Uncertainty in Ecology. New York, NY: 
Springer; 2000

[33] Metternicht G, Zinck JA. Spatial 
discrimination of salt and sodium-
affected soil surfaces. JRS International. 
1997;18(12):2571-2586



Natural Resources Management and Biological Sciences

14

[34] Bastiaanssen WGM. Remote Sensing 
in Water Resources Management: The 
State of the Art. Colombo: IWMI; 1998

[35] Agbu PA, Fehrenbacher DI, 
Jansen IJ. Soil-property relationships 
with SPOT satellite digital data in east 
Central Illinois. Soil Science Society of 
America Journal. 1990;54:807-812

[36] Mulders MA. Remote sensing in 
soil science. In: Developments in Soil 
Science. Vol. 15. Amsterdam: Elsevier 
Publication; 1987

[37] Hardisk MA, Klemas V, Daiber FC. 
Remote sensing saltmarsh biomass and 
stress detection. Advances in Space 
Research. 1983;2:219-229

[38] Kauth RY, Thomas GS. 
Thetasselledcap-A graphic description 
of the spectral-temporal development 
of agricultural crops as seen by Landsat. 
In: Proceeding of the Symposium on 
Machine Processing of Remotely Sensed 
Data. Indiana: Purdue University of 
West Lafayette; 1976. pp. 41-49

[39] Steven FG, Zagrafos C, 
Oglethorpe D. Multi-criteria analysis in 
soil salinity: using goal programming 
to explore solutions. Current Issues 
in Soil Conservation. Available from: 
http://www.multilingualmatters.net/
cit/007/0020/cit05200350.pdf. 1992 
[Accessed: March 13, 2009]

[40] Vincent B, Vidal A, Tabbet AB, 
Kuper M. Useofsatellite remote  
sensing for the assessment of water 
logging or salinity. In: Vincent B, 
editor. Evaluation of Performance of 
Subsurface Drainage Systems: 16th 
Congress on Irrigation and Drainage, 
Cairo, Egypt, 15-22 September 1996. 
New Delhi: International Commission 
on Irrigation and Drainage; 1996. pp. 
203-216

[41] Menenti M, Lorkeers A, Vissers M. 
An application of thematic mapper data 
in Tunisia. ITC Journal. 1986;1:35-42

[42] Mulders MA, Epema GF. The 
thematic mapper: A new tool for soil 
mapping in arid areas. ITC Journal. 
1986;1:24-29

[43] Zuluaga JM. Remote sensing 
applications in irrigation management 
in Mendoza, Argentina. In: Menenti M, 
ed. Remote Sensing in Evaluation 
and Management of Irrigation. 1990. 
Mendoza, Argentina: Instituto Nacional 
de Ciencia y Tecnic; pp. 37-58

[44] Joshi MD, Sahai B. Mapping 
of salt-aff ected land in Saurashtra 
coast using Landsat satellite data. 
International Journal of Remote 
Sensing. 1993;14:1919-1929

[45] Goossens REA, El Badawi M,  
Ghabour TK, de Dapper M. A 
simulation model to monitor the 
soil salinity in irrigated arable based 
upon remote sensing and GIS. 
EARSeL Advances in Remote Sensing. 
1993;2(3):165-171

[46] Johnston RM, Barson MM. Remote 
sensing of Australian wetlands. An 
evaluation of Landsat TM data for 
inventory and classification. Australian 
Journal of Marineand Freshwater 
Research. 1993;44:235-242

[47] Siderius W. The use of remote 
sensing for irrigation management  
with emphasis on IIMI research 
concerning salinity, water logging and 
cropping patterns. In: Mission Report. 
Enschede, Netherlands: International 
Institute for Aerospace Survey and 
Earth Sciences; 1991. 97 p

[48] Venkataratnam L. Monitoring  
of soil salinity in the Indo-Gangetic 
plain of NW India using multidate 
Landsat data. In: Proceedings of the 17th 
International Symposium on Remote 
Sensing of the Environment. Vol. 1. Ann 
Arbor, Michigan, USA: Environmental 
Research Institute of Michigan; 1983. 
pp. 369-377



15

Use of Geoinformatics Techniques for the Assessment and Mapping of Soil Salinity: Concepts…
DOI: http://dx.doi.org/10.5772/intechopen.92443

[49] Goosens R, Joshi DC, Ranst EV. 
The use of remote sensing to map 
gypsiferous soils in the Ismailia soil 
(Egypt). Geoderma. 1998;87:47-56

[50] Salman A. Using the State-of-the-
Art Remote Sensing and  
GIS for Monitoring Water Logging  
and Salinity. Lahore, Pakistan: 
International Water-Management 
Institute; 2000

[51] Indo-Dutch Network Project 
(IDNP). A Methodology for 
Identification of Water Logging and 
Soil Salinity Conditions Using Remote 
Sensing. Kamal and Alterra-ILRI, 
Wageningen: CSSRI; 2002. p. 78

[52] Metternicht G, Zink JA. Spatial 
discrimination of salt and sodium 
affected soil surfaces. International 
Journal of Remote Sensing. 
1996;18:2571-2576

[53] Steven MD, Malthus TJ, Jaggard FM, 
Andrieu B. Monitoring responses of 
vegetation to stress. In: Cracknell AP, 
Vaughan RA, editors. Remote Sensing 
from Research to Operation: 
Proceedings of the 18th Annual 
Conference of the Remote Sensing 
Society. Nottingham, UK; 1992. pp. 
369-377

[54] Baber JJ. Detection of crop 
conditions with low-altitude aerial 
photography. Remote Sensing for 
Resource Management. 1982:407-412

[55] WAPDA. Applicability of Landsat 
Imagery for Monitoring Soil Salinity 
Trends, Publ. 529. Lahore, Pakistan: 
Directorate of Reclamation and 
Investigation Organization; 1984

[56] Sahin H, Oruc M, Buyuksalih G.  
Temporal analysis of multi epoch 
Landsat geocover images in Zonguldak 
test field. Proceedings of ISPRS Ankara 
Workshop, 7th session 16 February 
2006. 2006

[57] Brogaard S, Prieler S. Land cover 
in the Horqin grasslands, North China. 
Detecting changes between 1975 and 
1990 by means of remote sensing. 
Interim report IR-98-044/July on 
work of the International Institute for 
Applied System Analysis. 1998

[58] Van Trinh M, Duong ND, Van 
Keulen H. Using Landsat images for 
studying land use dynamics and soil 
degradation: Case study in Tamduong 
District, Vinhphuc Province, 
Vietnam. In: International Symposium 
on Geoinformatics for Spatial 
Infrastructure Development in Earth 
and Allied Sciences. 2004

[59] Ernani MZ, Gabriels D.  
Detection of land cover changes using 
Landsat MSS, TM, ETM+ sensors 
in YHazd-Ardakan Basin, Iran. In: 
Proceedings of Agro Environ 2006. 
2006. pp. 513-519

[60] Latifovic R, Fytas K, 
Chen J, Paraszczak J. Assessing land 
cover change resulting from large 
surface mining development. 
International Journal of Applied Earth 
Observation and Geoinformation. 
2005;7:29-48

[61] Vidal V, Tabet D, Ahmad MD, 
Asif S, Zimmer D, Strosser P. Salinity 
Assessment in Irrigation Systems Using 
Remote Sensing and Geographical 
Information Systems—Application to 
Christian Subdivision, Pakistan. Report 
R-47. Lahore, Pakistan: IIMI; 1998

[62] Tabet D. Intérêtd’uneapprochespatiale  
pour suivi de la salinité des sols dans les 
systèmesirrigués: cas de la subdivision 
de Chistian dans le Punjab, Pakistan 
[PhD thesis]. Montpellier, France, Ecole 
Nationale du Génie rural, des Eaux et 
Forêts. 1999

[63] Cialella AT, Dubayah R, 
Lawrence W, Levine E. Predicting 
soil-drainage class using remotely 
sensed and digital elevation data. 



Natural Resources Management and Biological Sciences

16

Photogrammetric Engineering and 
Remote Sensing. 1997;63(2):171-178

[64] Verma KS, Saxena RK, 
Barthwal AK, Deshmukh SN. Remote-
sensing technique for mapping salt 
affected soils. International Journal of 
Remote Sensing. 1994;15(9):1901-1914

[65] Dwivedi RS. Monitoring of salt-
affected soils of the indo-Gangetic 
alluvial plains using principal 
component analysis. International 
Journal of Remote Sensing. 
1996;17(10):1907-1914

[66] Dwivedi RS, Sreenivas K. Image 
transforms as a tool for the study of 
soil salinity and alkalinity dynamics. 
International Journal of Remote 
Sensing. 1998;19(4):605-619

[67] Choudhri MB, Mian MA, Rafiq M. 
The nature and magnitude of salinity 
and drainage problems in relation to 
agricultural evelopment in Pakistan. In: 
Pakistan Soils Bulletin. Vol. 8. Pakistan: 
Lahore; 1978

[68] Dean A, Hughes S, Gibbons W,  
Syed A, Renou C, Dow D, et al. 
Monitoring sustainable development in 
the oil sands region of Alberta, Canada, 
using SPOT-5 and ENVISAT ASAR 
and MERIS imagery. 2007. Available 
from: http://www.eomd.esa.int/files/
docs/131-176-149-30-2007101113598.
pdf [Accessed: December 5, 2019]

[69] Stefanov WL, Ramsey MS, 
Christensen PR. Monitoring urban 
land cover change: An expert system 
approach to land covers classification 
of semiarid to arid urban centres. 
Remote Sensing of Environment. 
2001;77:173-185

[70] Bossard M, Feranec J,  
Otahel J. CORINE Land Cover. 
Copenhagen (EEA). 2000. Available 
from: http://terrestrial.eionet.eu.int 
. Technical Guide-Addendum 2000. 
Technical Report No. 40.

[71] Cohen WB, Spies TA, Alig RJ, 
Oetter DR, Maiersperger TK, Fiorella M. 
Characterizing 23 years (1972-95) 
of stand replacement disturbance in 
Western Oregon forests with Landsat 
imagery. Ecosystems. 2002;5:122-137

[72] Teillet PM, Helder DL, Ruggles TA, 
Landry R, Ahern FJ, Higgs NJ, et al. 
A definitive calibration record for the 
Landsat-5 thematic mapper anchored 
to the landsat-7 radiometric scale. 
Canadian Journal of Remote Sensing. 
2004;30:631-643

[73] Gu D, Gillespie A. Topographic 
normalization of Landsat TM images of 
forest based on subpixel Sun-canopy-
sensor geometry. Remote Sensing of 
Environment. 1998;64:166-175

[74] Pons X, Solé-Sugrañes L. A 
simple radiometric correction model 
to improve automatic mapping of 
vegetation from multispectral satellite 
data. Remote Sensing of Environment. 
1994;48:191-204

[75] Schroeder TA, Cohen WB, 
Song C, Canty MJ, Yang Z. Radiometric 
correction of multi-temporal 
Landsat data for characterization of 
early successional forest patterns in 
western Oregon. Remote Sensing of 
Environment. 2006;103:16-26

[76] Han G, Zhou G, Xu Z. Biotic 
and abiotic factors control-ling the 
spatial and temporal variation of 
soil respiration in an agri-cultural 
ecosystem. Soil Biology and 
Biochemistry. 2007;39:418-425

[77] Paolini L, Grings F, Sobrino JA,  
Jiménez Muñoz JC, Karsebaum H.  
Radiometric correction effects in 
Landsat multi-date/multi-sensor  
change detection studies. International 
Journal of Remote Sensing. 
2006;27:685-704

[78] Norjamäki I, Tokola T. Comparison 
of atmospheric correction methods 



17

Use of Geoinformatics Techniques for the Assessment and Mapping of Soil Salinity: Concepts…
DOI: http://dx.doi.org/10.5772/intechopen.92443

in mapping timber volume with 
multitemporal Landsat images in 
Kainuu, Finland. Photogrammetric 
Engineering and Remote Sensing. 
2007;73:155-163

[79] Richardson AJ, Gerbermann AH, 
Gausmann HW, Cuellar JA. Detection 
of saline soils with skylab multi-spectral 
scanner data. Photogrammetric 
Engineering and Remote Sensing. 
1976;42:679-684

[80] Saaty TL. A scaling method for 
priorities in hierarchical structures. 
Journal of Mathematical Psychology. 
1977;15:234-241

[81] FAO. A Framework for Land 
Evaluation, Soils Bulletin 32. Rome: 
Food and Agricultural Organization; 
1976

[82] Carver SJ. Integrating multi-
criteria evaluation with geographical 
information systems. International 
Journal of Geographical Information 
Systems. 1991;5:321-329

[83] Voogd H. Multi-Criteria Evaluation 
for Urban and Regional Planning. 
London: Pion, Ltd.; 1983

[84] Rao M, Sastry SVC, Yadar PD, 
Kharod K, Pathan SK, Dhinwa PS, et 
al. A Weighted Index Model for Urban 
Suitability Assessment-A GIS Approach. 
Bombay, India: Bombay Metropolitan 
Regional Development Authority; 1997

[85] Kimes DC, Nelson RF. Attributes 
of neural networks for extracting 
continuous vegetation. International 
Journal of Remote Sensing. 
1998;19(14):2639-2663

[86] Ferro V. Evaluating overland 
flow sediment transport 
capacity. Hydrological Processes. 
1998;12:1895-1910

[87] Schmidt H, Karnieli A. Remote 
sensing of the seasonal variability of 

vegetation in a semi-arid environment. 
Journal of Arid Environments. 
2002;45(1):43-60

[88] Todd SW, Hoffer RM, 
Milchunas DG. Biomass estimation on 
grazed and ungrazed rangelands using 
spectral indices. International Journal 
of Remote Sensing. 1998;19(3):427-438. 
DOI: 10.1080/014311698216071

[89] Wang N, Dong J. Chinese energy 
and water balance monitoring system 
based on remote sensing technique. 
Remote Sensing Information. 
2002;6:7-10

[90] Gao Y, Zhang XB, He R, Wang YL, 
Zhu XZ, Tian B, et al. Application of 
spatial distribution model to predict 
the impact of 1998’s flood on snail 
distribution in marshland of Yang Zhou. 
Chinese Journal of Schistosomiasis 
Control. 2000;2001(13):285-288

[91] Chen HM, Arora MK, Varshney PK. 
Mutual information-based image 
registration for remote sensing data. 
International Journal of Remote 
Sensing. 2003;24:3701-3706

[92] Gould W. Remote sensing 
of vegetation, plant species 
richness, and regional biodiversity 
hotspots. Ecological Applications. 
2000;10(6):1861-1870

[93] Lauver C. Mapping species diversity 
patterns in the Kansas shortgrass 
region by integrating remote sensing 
and vegetation analysis. Journal of 
Vegetation Science. 1997;8:387-394

[94] Zhang C, Guo X, 
Wilmshurst J, Sissons R. Application 
of radars atimagery on grassland 
heterogeneity assessment. Canadian 
Journal of Remote Sensing. 
2006;32(4):1-7

[95] Dimyati E. An analysis of land 
use/land cover change using the 
combination of MSS Landsat and land 



Natural Resources Management and Biological Sciences

18

use map—A case study of Yogyakarta, 
Indonesia. International Journal of 
Remote Sensing. 1995;17(5):931-944

[96] Lewis M. Species composition 
related to spectral classification in an 
Australian spinifex hummock grassland. 
International Journal of Remote 
Sensing. 1994;15:3223-3239

[97] Moshen A. Environmental Land 
Use Change Detection and Assessment 
Using with Multi—Temporal Satellite 
Imagery. Iran: Zanjan University; 1999


