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ABSTRACT 

 Soil salinity is a pressing global issue with far-reaching implications for agricultural 

productivity and environmental sustainability, particularly in arid and semi-arid regions. The 

expansion of cultivated lands and the need for food production have intensified the 

challenges associated with soil salinization. This paper reviews the significance of monitoring 

and assessing soil salinity, especially in regions where traditional irrigation practices and 

inadequate drainage systems exacerbate the problem. The paper highlights the importance of 

satellite-based technologies for spatial and temporal mapping of soil salinity, providing cost-

effective, rapid, and efficient sources of qualitative and quantitative spatial information. 

Multispectral remote sensing data have significantly improved the monitoring of soil salinity. 

The spectral characteristics of salt-affected soil, visible and near-infrared bands, enable the 

detection of salinity in both barren and vegetated areas. Various salinity and vegetation 

indices have been developed, with their effectiveness depending on the context and the extent 

of vegetation cover. Proper timing of fieldwork and measurementis essential for accurate 

results.The paper presents a comprehensive review of the remote sensing and GIS based 

methods of soil salinity estimation including salinity indices, vegetation indices, regression 

methos, neural network methods plus, sensing approaches, and satellite data utilized in soil 

salinity mapping. The majority of recent studies favour remote sensing technology over 

traditional methods due to its cost-effectiveness and efficiency. The choice of mapping 

approach is context-dependent, and there is no universally superior method.This review 

underscores the critical role of remote sensing in addressing the challenges posed by soil 

salinity, offering a promising avenue for monitoring and managing this imperative global 

concern. 

Keywords: Soil salinity, remote sensing, multispectral data, spectral indices, mapping 

methods. 

1. INTRODUCTION 

 Soilacts as a pivotal role in addressing global environmental concerns, 

encompassing the impacts of climate change, food and water security, land degradation, and 

habitat loss for various species (Arrouayset al., 2017; ImamogluandSertel, 2016). 

Consequently, the evaluation of soil properties, such as soil salinity, is of paramount 

importance for the sustainability of land on local and regional scales (Grunwald et al., 2015). 

Particularly in arid and semi-arid regions worldwide, soil salinization stands out as a 

significant and alarming phenomenon due to its detrimental effects on land productivity and 

plant growth. 

1.1 The Prevalence of Soil Salinity 

 Soil salinity stands as a prevalent soil attribute that significantly impacts agricultural 

productivity and gives rise to considerable environmental challenges on a global scale, 



 

 

particularly in arid and semi-arid regions. In these areas, the scant precipitation falls short in 

facilitating natural water percolation through the soil profile, leading to the accumulation of 

soluble salts, thus negatively affecting soil structure (Ulkeret al., 2018). The issue of soil 

salinization is not restricted to any one continent; it's a challenge faced worldwide. However, 

arid regions, characterized by low precipitation and high evaporation rates, suffer more 

profoundly due to the limited leaching of soluble salts through the soil profile 

(ZinckandMetternicht, 2008). 

1.2 Primary and Secondary Salinization 

 As the global population continues to expand rapidly, the demand for food 

production is on the rise. Yet, a considerable portion of cultivated land lies abandoned 

because of both primary and secondary soil salinization. Primary salinization, the expansion 

of salt in the soil resulting from natural processes like physical and chemical weathering, as 

well as the movement of salts from parent materials, geological deposits, or groundwater, is 

well-documented. Conversely, secondary salinization is predominantly a consequence of 

human activities(Esetliliet al., 2018; Daliakopouloset al., 2016), with traditional irrigation 

methods and inadequate drainage systems being the two main culprits, causing adverse 

effects on nearly 20 per cent of irrigated land globally, as observed by Mayaket al. (2004). 

Metternicht and Zinck (2003) have drawn attention to the fact that approximately 77 Mha are 

affected by secondary salinization.A simplified flowchart illustrating primary and secondary 

soil salinization is presented in Fig. 1. Primary and secondary salinization in 

DevbhumiDwarka region of Gujarat, India in photographs is given in Fig. 2. 

1.3 Impact of Soil Salinity on Agriculture 

 Traditional irrigation practices, as highlighted by Matinfaret al. (2013), play a 

significant role in exacerbating soil salinization and the degradation of soil quality. This, in 

turn, has adverse consequences on seed germination and restricts plant growth. As the world 

experiences rapid population growth, there is an escalating demand for food production. This 

will inevitably lead to the conversion of more dry lands into agricultural areas, resulting in an 

extension of the salinization hazard, mainly driven by irrigation. Hence, the continuous 

monitoring and assessment of saline soil hold paramount significance in mitigating its 

detrimental effects, such as land degradation and diminishing crop yields (Allbedand Kumar, 

2013). 

1.4 The Role of Remote Sensing and Geographic Information Systems (GIS) 

 The integration of remote sensing and GIS has found widespread utility across 

various domains within the agricultural sector, including but not limited to applications 

involving the assessment of basin characteristics, the evaluation of soil moisture content, the 

analysis of soil salinity levels, predictive modelling of drought events, the estimation of crop 

coefficients, and numerous other agricultural functions (Wandre and Rank, 2013; Parmar and 

Gontia, 2019;Patelet al., 2019;Pandya et al., 2022; Prajapati and Subbaiah, 2019).

 Conventional methods for assessing soil salinity in the field present limitations in 

terms of their ability to facilitate continuous and comprehensive monitoring due to their 

spatial and temporal constraints. These methods offer only localized, point-based data. The 

need for spatial and temporal mapping of soil salinity is paramount to guide decision-making 

processes aimed at mitigating the adverse effects of soil salinization. In this context, satellite-

based technologies have emerged as cost-effective, rapid, and efficient sources of both 

qualitative and quantitative spatial information on saline soils (Gojiya et al., 2018; Gorji et 

al., 2018). 



 

 

 The utilization of multispectral RS data has substantially enhanced the monitoring of 

soil salinity. An understanding of how salinity affects the spectral reflectance of both soil and 

vegetation is a crucial element in the effective use of multispectral imagery for mapping 

saline regions.Airborne remote sensing offers the potential for pixel-by-pixel detection of 

spatial variations in soil salinity, with particular significance in remote and distant areas, 

where it can provide vital information on environmental changes (Goldshlegeret al., 2010). 

 

Fig. 1 Flowchart illustrating primary and secondary soil salinization 

 

  
a. Primary salinization b. Secondary salinization 

Fig. 2 Soil salinity in DevbhumiDwarka region of Gujarat, India 

2. SOIL SALINITY MEASUREMENT AND ESTIMATION 

2.1 Mapping and Monitoring Soil Salinity 

 To obtain accurate results in soil salinity mapping using RS and GIS, proper timing 

for fieldwork and measurement is essential. Acquiring RS data concurrently with field 

surveys is crucial for result validation. Moreover, considering the seasonality of salt 

accumulation in the soil, conducting soil salinity studies during the dry season is more 

suitable, as the rainy season may wash surface salts and reduce topsoil salinity levels 

(Shrestha and Farshad, 2009).Moreover, models for estimating soil salinity using remote 



 

 

sensing and GIS tools necessitate initial calibration specific to each area due to the varying 

nature of soil salinity responses in different environments. Therefore, these models should be 

developed regionally, tailored to the characteristics of the particular areas.There are several 

soil salinity measurement techniques, each with its advantages and limitations. Here are some 

common methods for measuring soil salinity: 

1. Electrical Conductivity (EC): 

 Direct Measurement: In this method, a conductivity probe is inserted into the 

soil, and the electrical conductivity of the soil solution is measured. It provides 

a quick and relatively accurate measure of salinity. 

 Soil Extract Method: Soil samples are collected and mixed with deionized 

water. The electrical conductivity of the resulting solution is measured, 

providing an indirect estimate of soil salinity. Solution could be saturation 

extract (which is longer but more accurate process) or different soil water 

suspension ratios such 1:2.5 or 1:5 (which is faster and more widely used). 

2. Total Dissolved Solids (TDS): 

 This method measures the concentration of all dissolved ions in the soil 

solution, including both cations and anions. TDS can be measured directly or 

estimated based on electrical conductivity. 

3. Sodium Adsorption Ratio (SAR): 

 SAR measures the relative concentration of sodium ions to other cations in the 

soil solution. It is used to assess the sodicity of soil, which is related to soil 

salinity. 

4. Soluble Ions Analysis: 

 Soil samples are collected and analyzed for the concentrations of specific ions, 

such as chloride (Cl-), sulfate (SO4²-), bicarbonate (HCO3-), and others, 

which contribute to soil salinity. 

5. Exchangeable Sodium Percentage (ESP): 

 ESP measures the percentage of sodium ions on the exchange sites of soil 

particles. It is often used to assess soil sodicity and salinity. 

 The choice of measurement technique depends on the specific research or 

monitoring objectives, the scale of the study, and the resources available. Each method has its 

strengths and limitations, and a combination of techniques may be used for a comprehensive 

assessment of soil salinity in a given area.Fig. 3 shows direct measurement of soil salinity in 

the field using salinity probe while Fig. 4 shows indirect measurement of soil salinity from 

1:2.5 soil water suspension ratio. 

 The utilization of remote sensing technology offers several advantages, which 

encompass time-saving, expansive coverage (especially vital when data is needed over large 

areas or regions), swifter data acquisition compared to ground-based methods, and support 

for long-term monitoring efforts. Remote sensing techniques provide multispectral images 

with resolutions that range from medium to high, as well as hyperspectral images. Over the 

years, these remotely sensed data have been effectively harnessed for monitoring and 

mapping soil salinity, albeit with varying degrees of success. Numerous researchers have 

employed diverse techniques using remote sensing data to monitor and map soil salinity, as 

elaborated below. 



 

 

  

Fig. 3 Direct measurement of soil salinity 

using salinity probe 

Fig. 4 Indirect measurement of soil salinity 

using EC meter 

2.2 Multispectral Satellite Data for Soil Salinity Estimation 

 Over the past thirty years, considerable research efforts have been directed toward 

the utilization of satellite imagery for the mapping and monitoring of soil salinity. Primarily, 

this research has focused on multispectral sensors, including but not limited to the Landsat 

Thematic Mapper (TM), Landsat Multispectral Scanner System (MSS), Landsat Enhanced 

Thematic Mapper Plus (ETM+), Landsat (Operational Land Imager) OLI, Sentinel, SPOT, 

Advanced Spaceborne Thermal Emission and Reflection Radiometer (Terra-ASTER), Linear 

imaging self-scanning sensor (LISS-III), and IKONOS (Metternicht andZinck, 

2003;Dwivedi, 2001; Vermaet al., 1994). 

 Numerous researchers, such as Katawatin and Kotrapat(2005), Mehrjardiet al.(2008) 

and Yu et al. (2010) have explored the applicability and effectiveness of Landsat-7 Enhanced 

Thematic Mapper Plus (ETM+) data in the context of soil salinity mapping and monitoring. 

For instance, in Thailand, Katawatin and Kotrapat(2005) conducted a study that involved the 

utilization of Landsat-7 ETM+ data in conjunction with three different sets of ancillary data 

sources (topography, geology, and underground water quality) for soil salinity mapping. They 

applied a maximum likelihood classification method in their research. The outcomes of their 

investigation demonstrated that the most precise soil salinity map was achieved when Landsat 

ETM+ data bands 4, 5, and 7 were combined with all three categories of ancillary data, 

resulting in an overall accuracy of 83.6 %.The application of multispectral sensors in soil 

salinity research has been a subject of investigation by Goossens et al. (1993). In their study, 

they conducted an analysis to assess and contrast the precision of Landsat Thematic Mapper 

(TM), Multispectral Scanner System (MSS), and SPOT XS imagery for soil salinity mapping. 

Their findings indicated that Landsat TM stood out as the most suitable choice for soil 

salinity mapping.Abbas et al. (2013) mentioned that spectral response of the salt- affected 

soils higher than those of normal soils. Salty soils reflected more incident light energy in 

visible spectrum and this response extremely useful in the segregation of saline soils. 

2.3 Applicationof Spectral Indices in Soil Salinity Studies 

 Likewise, various spectral indices tailored for the detection and mapping of salt 

minerals have been developed. Douaouiet al. (2006) introduced three salinity indices (Table 

1) derived from SPOT XS imagery to identify and map soil salinity hazards within a semi-

arid region in Algeria. While these indices exhibited strong correlations with measured 

values, they notably underestimated salinity in areas with elevated surface salt content. 

Additionally, Khan et al. (2005) proposed three spectral salinity indices: the Brightness index 

(BI), Normalized Difference Salinity Index (NDSI), and Salinity Index (SI) (Table 1) based 

on the LISS-II sensor of the IRS-1B satellite for assessing hydro-salinized land degradation 



 

 

in Pakistan. Among these indices, NDSI produced the most satisfactory results in 

distinguishing various salt classes. 

 Another study conducted by Vidal et al. (1996) and Vincent et al. (1996) examined 

salinity by distinguishing vegetated from non-vegetated areas using the Normalized 

Difference Vegetation Index (NDVI). Subsequently, the Brightness index (BI) was computed 

to identify moisture and salinity conditions in fallow land and deserted fields. Furthermore, 

Bannariet al. (2008) introduced three distinct salinity indices, SI-1, SI-2, and SI-3 (Table 1), 

based on the EO-1 ALI spectral bands to discriminate between slight and moderate soil 

salinity and sodicity in Morocco. Although the results showed that SI-3 exhibited the highest 

correlation (46.9%), its outcome was insufficient for providing precise information. 

Therefore, they devised two additional Soil Salinity and Sodicity Indices (SSSI) (Table 1). 

Their results indicated that these SSSI indices were likely to enhance accuracy in identifying 

areas with low and moderate salinity, as they displayed the most significant correlation 

(52.9%) with ground electrical conductivity measurements. 

Table 1 Spectral indices used for soil salinity estimation in different studies 

Sr. 

No. 
Indices Equation References 

1 
Normalized Differential 

Vegetation Index 
𝑁𝐷𝑉𝐼 = (𝑁𝐼𝑅 − 𝑅)/(𝑁𝐼𝑅 + 𝑅) 

(Deering and 

Rouse, 1975) 

2 
Enhanced Vegetation 

Index 

𝐸𝑉𝐼 = 2.5(𝑁𝐼𝑅 − 𝑅)/(𝑁𝐼𝑅 + 6𝑅
− 7.5𝐵𝑙𝑢𝑒 + 1) 

(Liu and Huete, 

1995) 

3 
Soil Adjusted 

Vegetation Index 
𝑆𝐴𝑉𝐼 = (𝑁𝐼𝑅 − 𝑅)/(𝑁𝐼𝑅 + 𝑅 + 𝐿)

× (1 + 𝐿) 
(Huete, 1988) 

4 Ratio Vegetation Index 𝑅𝑉𝐼 = 𝑁𝐼𝑅/𝑅 
(Majoret al., 

1990) 

5 
Normalized Differential 

Salinity Index 
𝑁𝐷𝑆𝐼 = (𝑅 − 𝑁𝐼𝑅)/(𝑅 + 𝑁𝐼𝑅) 

(Khanet al., 2005) 
6 Brightness Index 𝐵𝐼 =   (𝑅2 + 𝑁𝐼𝑅2) 

7 Salinity Index 𝑆𝐼 =  𝐵𝑙𝑢𝑒 × 𝑅 

8 Salinity Index 𝑆𝐼1 =  𝐺 × 𝑅 
(Douaouiet al., 

2006) 
9 Salinity Index 𝑆𝐼2 =   𝐺2 + 𝑅2 + 𝑁𝐼𝑅2 

10 Salinity Index 𝑆𝐼3 =   𝐺2 + 𝑅2 

11 Salinity Index SI-1= 𝐴𝐿𝐼9/𝐴𝐿𝐼10 

(Bannariet al., 

2008) 

12 Salinity Index 
SI-2 = (𝐴𝐿𝐼6 − 𝐴𝐿𝐼9)/(𝐴𝐿𝐼6 +

𝐴𝐿𝐼9) 

13 Salinity Index 
SI-3 = (𝐴𝐿𝐼9 − 𝐴𝐿𝐼10)/(𝐴𝐿𝐼9 +

𝐴𝐿𝐼1𝑂) 

14 
Soil Salinity and 

Sodicity Indices 
SSSI-1 = (𝐴𝐿𝐼9 − 𝐴𝐿𝐼10) 

15 
Soil Salinity and 

Sodicity Indices 

SSSI-2 = (𝐴𝐿𝐼9 × 𝐴𝐿𝐼10 −
𝐴𝐿𝐼102)/𝐴𝐿𝐼9 

16 Salinity Index S1= 𝐵𝑙𝑢𝑒/𝑅 

(Abbas and Khan, 

2007) 

17 Salinity Index S2= (𝐵𝑙𝑢𝑒 − 𝑅)/(𝐵𝑙𝑢𝑒 + 𝑅) 

19 Salinity Index S3= (𝐺 × 𝑅)/𝐵𝑙𝑢𝑒 

20 Salinity Index S4=  𝐵𝑙𝑢𝑒 × 𝑅 



 

 

21 Salinity Index S5= (𝐵𝑙𝑢𝑒 × 𝑅)/𝐺 

22 Salinity Index S6= (𝑅 × 𝑁𝐼𝑅)/𝐺 

 In Pakistan, Abbas and Khan (2007) proposed an integrated approach based on 

spatial analysis of both ground and satellite data to assess soil salinity. They developed 

remotely sensed data-based salinity indices and utilized Principal Components Analysis 

(PCA) for salinity detection. Among the six salinity indices (Table 1) considered, S3 yielded 

the most promising results compared to ground measurements. Additionally, they concluded 

that PCA and salinity indices hold promise for soil salinity prediction based on satellite 

images.Asfaw et al. (2018) presented a regression model to map soil salinity using remote 

sensing and geographic information systems. Different spectral indices were calculated from 

original bands of Landsat images. They calculated total of six indices including salinity index 

(SI), brightness index (BI), Normalized difference salinity index (NDSI) and three vegetation 

indices. Statistical correlation between field measurements of electrical conductivity (EC) 

and remote sensing spectral indices showed that salinity index (SI) had the highest correlation 

with EC. Combining these remotely sensed and EC variables into one model yielded the best 

fit with R
2
 = 0.78. Out of the total area, 19% and 23% were identified as moderately and 

slightly saline, respectively. The study showed that remote sensing data can be effectively 

used to model and map spatial variations of soil salinity. 

Upon reviewing the existing literature on vegetation and soil salinity indices, several 

noteworthy findings emerge. The utility of vegetation indices in assessing and mapping soil 

salinity, particularly in regions with dense vegetation cover, holds significant promise. 

However, in the case of bare soils, the identification of salt using vegetation indices proves to 

be ineffective. In such scenarios, the application of soil salinity indices emerges as the more 

suitable approach, especially for bare soils or those with minimal scattered vegetation cover, 

resulting in highly favorable outcomes. These observations align with the findings of 

Bouazizet al. (2011) and Fan et al. (2012). Bouazizet al. (2011) discovered that vegetation 

indices like SAVI, NDVI, and EVI exhibited a low correlation with electrical conductivity 

(EC) due to inadequate vegetation cover, whereas soil salinity indices demonstrated stronger 

correlations with EC. Similarly, Fan et al. (2012) identified a significant negative relationship 

between NDVI values and soil salinity in vegetated soils, whereas this relationship remained 

unclear in the case of bare soil. 

 A comprehensive workflow for the estimation of soil salinity using Remote Sensing 

(RS) and Geographic Information Systems (GIS) typically comprises several key stages. 

These stages encompass soil sampling, the collection of satellite data, data pre-processing, 

the generation of spectral indices, including salinity and vegetation indices, the formulation 

of salinity prediction models, model validation using independent testing datasets of 

measured soil samples, performance assessment of the developed models, and the eventual 

prediction or estimation of soil salinity. A visual representation of this standard workflow is 

depicted in Fig. 5. 

3. APPLICATIONS AND CASE STUDIES 

 The increasing volume of research dedicated to the detection and monitoring of soil 

salinity underscores a shared commitment to preserving soil fertility and mitigating the 

adverse consequences of salinization. Table2 provides a concise summary of specific findings 

from various case studies, including shared and novel mapping techniques, sensing 

approaches, satellite data utilization, and the accuracies in each study. This review 

underscores that the majority of recent investigations have demonstrated a preference for 

Remote Sensing (RS) technology over other tools when it comes to soil salinity monitoring. 



 

 

RS technology offers compelling advantages in terms of cost-effectiveness, time efficiency, 

and reduced manpower requirements, surpassing the traditional methods in these regards. 

Additionally, it's worth noting that studies relying on RS technology typically require 

minimal field surveys and sampling, as there is a need to corroborate RS data with ground 

truth measurements. 

 

Fig. 5 Standard workflow for soil salinity estimation using remote sensing and GIS 

 Furthermore, this comprehensive review outlines the use of satellite data and 

Remote Sensing (RS) mapping algorithms for monitoring soil salinity trends over the years in 

various case studies. The sensing approaches employed are categorized based on the methods 

and tools utilized to gather information on saline soil, encompassing satellite images, field 

measurements, and laboratory analyses. A matrix, as depicted in Table 2, has been 

established, with columns representing the year of each selected article, the study area, spatial 

extent, satellite data, mapping techniques, sensing approaches, and the accuracies in each 

study. The information for each case study is presented in rows, arranged in reverse 

chronological order of study years. 

 Several conventional approaches, such as the utilization of common salinity and 

vegetation indices, correlation and regression analysis, principal component analysis (PCA), 

decision tree classification (DTC), partial least square regression (PLSR), and maximum 

likelihood classification, have enjoyed widespread application in the past and continue to be 

favoured in recent studies. Furthermore, recent years have witnessed the widespread adoption 

of various models and classification techniques, including neural network models (NNs), 

support vector machines, random forest regression models, and other newly developed 

models. This overview underscores the notion that the selection of an appropriate soil salinity 

mapping approach for each case study is contingent on the availability of data and the 



 

 

specific conditions of the study area. Importantly, it is evident that there is no universally 

superior method applicable across all contexts. 

Table 2Recent case studies examining the detection and monitoring of soil salinity using 

Remote Sensing technology 

Study 

Year 

Study 

Area 

Spatial 

Extent 
Data & Methods Accuracy Reference 

2022 Egypt 
373,191 

km
2
 

Landsat 8 (OLI) R
2
 up to 0.90 Aboelsoudet al. (2022) 

2021 
Jilin, 

China 

46,985 

km
2
 

Landsat-5 TM 

and Landsat-8 

OLI  

R
2
 = 0.57 Li et al. (2022) 

2019 China 
6064 

km
2
 

Sentinel-2 MSI, 

SVM, ANN 

R
2
 = 0.88, 

RMSE = 4.89 

dS/m 

Wang et al. (2021) 

1989-

2018 
Vietnam 

2360 

km
2
 

Landsat TM, 

ETM+ and OLI, 

regression 

R
2
 = 0.749 (Tran et al., 2019) 

1987-

2017 
Kuwait 

4,500 

km
2
 

Landsat TM, 

ETM+, OLI 

R
2
 = 0.97, 

RMSE = 13% 
Bannari and Al-Ali (2020) 

2017 Vietnam 
2341 

km
2
 

Landsat 8 OLI 

R
2
 = 0.89, 

RMSE = 0.96 

dS/m 

Nguyen et al. (2020) 

2017 China 
2671 

km
2
 

Landsat-8 OLI, 

Sentinel-2 MSI, 

Cubist 

R
2
 = 0.912, 

NRMSE = 9.23 

% 

Wang et al. (2020) 

2017 Iran local MODIS 
R

2
=0.87, RMSE 

= 5.20 
Taghadosiet al. (2019) 

2016 Iran 18 km
2
 

Landsat-8 OLI 

and Sentinel-2A, 

regression 

R
2
 up to 0.77 Gorji et al. (2020) 

2012-

2016 
Greece 50 km

2
 

Landsat 8, 

regression 

analysis 

R
2
= 0.652 (Alexakis et al.,2018) 

2016 Turkey local 
Sentinel-1A, 

MLR 

R
2
 = 0.84, 

RMSE =2.46% 
(Sekertekinet al.,2018) 

2016 China 
2671 

km
2
 

Landsat OLI, 

NN 
R

2
= 0.91 (Wang et al.,2018) 

2009-

2016 
Algeria 

1878 

km
2
 

Landsat 8 OLI, 

TIRS, regression 

fitting 

R
2
 = 0.82 (Abdellatif, 2017) 

2016 Tunusia 
300 

km
2
 

Landsat 8, 

ASTERGDEM2, 

Ordinary kriging 

(OK), simple 

regression 

R
2
= 0.52, 

RMSE=0.66 

dS/m 

(Triki Fourati et al., 2017) 

1984-

2015 
Algeria 

5000 

km
2
 

Landsat 5, 

Landsat 8, 

Decision tree 

classification 

Accuracy 95 % (Afrasineiet al.,2017) 



 

 

1990-

2015 
Turkey 

1500 

km
2
 

Landsat 5 TM, 

Landsat 8, 

linear, 

exponential 

regression 

R
2
= 0.93 and 

0.83 
(Gorji et al.,2017) 

2015 India 
430 

km
2
 

Landsat ETM+ 

and OLI, linear 

regression 

R
2
 = 0.73 

(PeriasamyandShanmugam, 

2017) 

2007-

2013 
USA local 

Landsat 7, 

canopy response 

salinity index 

R
2
 = 0.728, 

MAE = 2.94 

dS/m 

(Scudiero et al., 2015) 

2012 Ethiopia 65 km
2
 

Landsat TM, 

regression model 

R
2
 = 0.78, 

RMSE = 0.54 

dS/m 

Asfaw et al. (2018) 

2011 Thailand 
400 

km
2
 

Landsat ETM+, 

neural networks 

R
2
 = 0.92, 

RMSE = 9.59 % 
(Phonphanet al., 2014) 

2000-

2010 
India 

808 

km
2
 

Landsat TM and 

ETM+, Kringing 
N/A (Das et al.,2016) 

 

 Furthermore, the developed matrix highlights a common practice observed in most 

of the studies, where field measurements are typically conducted to establish correlations 

between actual measured electrical conductivity (EC) values and those estimated through RS 

mapping approaches. Additionally, some studies have incorporated laboratory analyses to 

enhance the reliability of the data. Regarding the data sources utilized in these research 

endeavours, this review reveals that multispectral sensors, including Landsat series, Sentinel 

series, MODIS, IRS, ASTER and more have been employed for the investigation of soil 

salinity. These sensors are instrumental in the detection, monitoring, and mapping of saline 

soils. It is worth noting that Landsat series data has garnered extensive usage in comparison 

to other multispectral data sources, primarily due to its global availability and the extensive 

time span it covers, ranging from 1972 to the present day.Considering the exceptionally high 

spatial resolution (1m or even better) offered by satellites like IKONOS, Quickbird, and 

Worldview-2, this category of Remote Sensing (RS) data finds its primary application in the 

analysis of relatively small, localized areas, delivering intricate spatial details. Meanwhile, 

the MODIS satellite, despite its commendable temporal resolution for providing frequent 

observations of soil salinity, presents a limitation due to its moderate spatial resolution (100m 

or coarser). This constraint restricts the level of spatial detail that can be derived from 

MODIS data. Nevertheless, MODIS proves exceptionally suitable for the monitoring of 

larger geographic regions, particularly at the regional scale, with the availability of repeated 

images. 

 The comprehensive review illustrates that most case studies were situated in arid and 

semi-arid regions across the globe, encompassing countries in the Middle East, India, China, 

the United States, and several European nations. In these regions, safeguarding lands against 

the perils of soil salinization and erosion has emerged as a prominent concern, significantly 

impacting agricultural productivity. Indeed, the challenge of preserving agricultural lands and 

ensuring an adequate food supply for the rapidly expanding population in these areas has 

become increasingly daunting. 

4. CHALLENGES AND LIMITATIONS 



 

 

 Estimating soil salinity using remote sensing and Geographic Information Systems 

(GIS) offers numerous advantages, but it also comes with several challenges and limitations. 

Here are some of the key challenges and limitations in soil salinity estimation using these 

technologies: 

1. Limited Soil Profiling: Remote sensing primarily captures surface information, 

making it challenging to estimate soil salinity throughout the entire soil profile. 

Salinity can vary significantly with depth, and remote sensing data may not provide 

information on subsurface salinity, especially in deeper soil layers. 

2. Influence of Vegetation: Vegetation cover can affect the accuracy of remote sensing-

based soil salinity estimation. In regions with dense vegetation, the spectral 

reflectance from the vegetation can mask or distort the signals related to soil salinity, 

making it difficult to obtain accurate salinity measurements. 

3. Temporal Variability: Soil salinity can change over time due to natural and 

anthropogenic factors. Remote sensing data, particularly from satellites with longer 

revisit times, may not capture rapid changes in salinity, limiting the ability to monitor 

short-term variations. 

4. Spatial Resolution: The spatial resolution of remote sensing data may not be fine 

enough to capture small-scale variations in soil salinity. This can be a limitation when 

studying areas with fine-scale heterogeneity in salinity. 

5. Atmospheric Interference: Atmospheric conditions and aerosols can affect the 

quality of remote sensing data, leading to errors in soil salinity estimation. Cloud 

cover and haze can limit the availability of cloud-free images. 

6. Ground Truth Data: Accurate ground truth data for calibrating and validating 

remote sensing models are crucial. Collecting reliable ground truth data, such as in-

situ measurements of soil salinity, can be labor-intensive and may not cover the entire 

study area. 

7. Sensor Specificity: Different remote sensing sensors have unique spectral 

characteristics and limitations. Choosing the right sensor for a specific application is 

essential, and the availability of suitable data may vary depending on the sensor. 

8. Complexity of Soil-Salt Interaction: Soil salinity is influenced by various factors, 

including salt content, soil moisture, texture, and color. Remote sensing techniques 

may struggle to account for all these factors accurately. 

9. Spatial and Temporal Data Continuity: Ensuring the continuity of remote sensing 

data over time is essential for long-term monitoring of soil salinity. Changes in sensor 

availability or data quality can disrupt monitoring efforts. 

10. Data Processing and Interpretation: Processing and interpreting remote sensing 

data to derive soil salinity information can be complex and require specialized 

knowledge and software tools. Additionally, the choice of spectral indices or 

algorithms can impact the results. 

 Despite these challenges and limitations, remote sensing and GIS technologies 

continue to be valuable tools for soil salinity estimation, providing cost-effective and 

spatially comprehensive information. Overcoming these challenges often requires a 

combination of remote sensing data, ground-based measurements, and advanced modelling 

techniques to improve the accuracy and reliability of soil salinity estimates. 

5. CONCLUSION 

 The review paper offers valuable insights into the detection and monitoring of soil 

salinity, addressing the critical need to safeguard agricultural lands and mitigate the adverse 

impacts of salinization. Key findings from a range of case studies demonstrate a shared 



 

 

preference for Remote Sensing technology, highlighting its cost-effectiveness, time 

efficiency, and reduced manpower requirements compared to traditional methods.  

 The study underscores that there is no universally superior method applicable across 

all contexts, emphasizing the importance of selecting an appropriate soil salinity mapping 

approach tailored to the specific conditions and data availability of the study area. Various 

approaches, such as the use of common salinity and vegetation indices, correlation and 

regression analysis, and machine learning models, have been effectively employed. Notably, 

vegetation indices excel in regions with dense vegetation cover, while soil salinity indices 

offer a more suitable approach for bare soils or those with minimal vegetation. 

 Multispectral sensors, including those from the Landsat series, Sentinel series, 

MODIS, IRS, ASTER, and more, have been pivotal in detecting, monitoring, and mapping 

saline soils. Among these, Landsat data is extensively utilized due to its global availability 

and the extensive temporal range it covers. Furthermore, the recent advent of medium-

resolution satellites equipped with multi-spectral data collection capabilities, such as ESA 

Sentinel satellites, has significantly expanded the potential for their utilization in soil salinity 

monitoring and mapping research. Most case studies are concentrated in arid and semi-arid 

regions across various countries worldwide, where soil salinization significantly impacts 

agricultural productivity. 

REFERENCES 

Abbas, A., & Khan, S. (2007). Using remote sensing techniques for appraisal of irrigated soil 

salinity. In International Congress on Modelling and Simulation (MODSIM) (pp. 

2632-2638). Modelling and Simulation Society of Australia and New Zealand. 

Abbas, A., Khan, S., Hussain, N., Hanjra, M.A.,& Akbar, S. (2013). Characterizing soil 

salinity in irrigated agriculture using a remote sensing approach. Phys. Chem. Earth, 

55(57), 43–52. 

Abdellatif, D. (2017). Optical tool for salinity detection by remote sensing spectroscopy: 

application on Oran watershed. J. of Applied Remote Sensing, 11(3), 1-21. 

Aboelsoud, H. M., AbdelRahman, M. A., Kheir, A. M., Eid, M. S., Ammar, K. A., Khalifa, 

T. H., & Scopa, A. (2022). Quantitative estimation of saline-soil amelioration using 

remote-sensing indices in arid land for better management. Land, 11(7), 1041. 

Afrasinei, G.M., Melis, M.T., Buttau, C., Bradd, J.M., Arras, C. & Ghiglieri, G. (2017). 

Assessment of remote sensing-based classification methods for change detection of 

salt-affected areas (Biskra area, Algeria). J. of Applied Remote Sensing, 11(1), 1-28. 

Alexakis, D.D., Daliakopoulos, I.N., Panagea, I.S. &Tsanis, I.K. (2018). Assessing soil 

salinity using WorldView-2 multispectral images in Timpaki, Crete, Greece. 

Geocarto Int., 6049, 1–18. 

Allbed, A. & Kumar, L. (2013). Soil salinity mapping and monitoring in arid and semi-arid 

regions using remote sensing technology: a review. Adv. Remote Sens., 2, 373–385. 

Arrouays, D., Lagacherie, P., &Hartemink, A.E. (2017). Digital soil mapping across the 

globe. Geoderma Reg. 9, 1–4. 

Asfaw, E., Suryabhagavan, K. V., & Argaw, M. (2018). Soil salinity modeling and mapping 

using remote sensing and GIS: The case of Wonji sugar cane irrigation farm, 

Ethiopia. Journal of the Saudi Society of Agricultural Sciences, 17(3), 250-258. 



 

 

Bannari, A., & Al-Ali, Z. M. (2020). Assessing climate change impact on soil salinity 

dynamics between 1987–2017 in arid landscape using Landsat TM, ETM+ and OLI 

data. Remote Sensing, 12(17), 2794. 

Bannari, A., Guedon, A. M., El‐ Harti, A., Cherkaoui, F. Z., & El‐ Ghmari, A. (2008). 

Characterization of slightly and moderately saline and sodic soils in irrigated 

agricultural land using simulated data of advanced land imaging (EO‐ 1) 

sensor. Communications in soil science and plant analysis, 39(19-20), 2795-2811. 

Bouaziz, M., Matschullat, J., &Gloaguen, R. (2011). Improved remote sensing detection of 

soil salinity from a semi-arid climate in Northeast Brazil. ComptesRendus 

Geoscience, 343(11-12), 795-803. 

Daliakopoulos, I.N., Tsanis, I.K., Koutroulis, A., Kourgialas, N.N., Varouchakis, A.E., 

Karatzas, G.P.,& Ritsema, C.J. (2016). The threat of soil salinity: A European scale 

review. Sci. Total Environ., 573, 727–739. 

Das, S., Choudhury, M.R. & Das, S. (2016). Earth observation and geospatial techniques for 

soil salinity and land capability Assessment over Sundarban Bay of Bengal Coast, 

India. Geodesy and Cartography. 65, 163–192. 

Deering, D.,& Rouse,J. (1975). “Measuring „Forage Production‟ of Grazing Units from 

Landsat MSS Data,” 10th International Symposium on Remote Sensing of 

Environment, ERIM, Ann Arbor, 1975, pp. 1169-1178.  

Douaoui, E., Nicolas, H., & Walter, C. (2006). Detecting salinity hazards within a semiarid 

context by means of combining soil and remote-sensing data. Geoderma, 134(1-2), 

217-230. 

Dwivedi, R. S. 2001. “Soil Resources Mapping: A Remote Sensing Perspective,” Remote 

Sensing Reviews, Vol. 20, No. 2, 2001, pp. 89-122. 

Esetlili, MT., BektaşBalçık, F., BalıkŞanlı, f., Üstüner, M., Kalkan, K., Göksel, Ç., Gazioğlu, 

C.,&Kurucu, Y. (2018). Comparison of Object and Pixel-Based Classifications For 

Mapping Crops Using Rapideye Imagery: A Case Study Of Menemen Plain, 

Turkey,International Journal of Environment and Geoinformatics (IJEGEO), 5(2), 

231-243. 

Fan, X., Pedroli, B., Liu, G., Liu, Q., Liu, H., & Shu, L. (2012). Soil salinity development in 

the yellow river delta in relation to groundwater dynamics. Land Degradation & 

Development, 23(2), 175-189. 

Gojiya, K. M., Gontia, N. K., & Patel, K. C. (2018). Generation of thematic maps of a forest 

watershed using Remote sensing and GIS. International Journal of Current 

Microbiology and Applied Sciences, 7(12), 2952-2962. 

Goldshleger, N., Ben-Dor, E., Lugassi, R.,& Eshel, G. (2010). Soil degradation monitoring 

by remote sensing: examples with three degradation processes. Soil Sci. Soc. Am. J., 

74, 1433-1445. 

Goossens, R., El Badawi, M., Ghabour, T., & De Dapper, M. (1993). A simulation model to 

monitor the soil salinity in irrigated arable land in arid areas based upon remote 

sensing and GIS. EARSeL. Advances in remote sensing, 2(3), 165-171. 

Gorji, T., Alganci, U., Sertel, E.,&Tanik, A. (2018). Comparing two different spatial 

interpolation approaches to characterize spatial variability of soil properties in Tuz 

Lake Basin – Turkey, Conference: 19th International Symposium on Environmental 



 

 

Pollution and its Impact on Life in the Mediterranean Region (MESAEP), At Rome, 

Italy. 

Gorji, T., Sertel, E. &Tanik, A. (2017). Recent Satellite Technologies for Soil Salinity 

Assessment with Special Focus on Mediterranean Countries.Fresenius 

Environmental Bulletin Journal, 26(1),196-203. 

Gorji, T., Yildirim, A., Hamzehpour, N., Tanik, A., &Sertel, E. (2020). Soil salinity analysis 

of Urmia Lake Basin using Landsat-8 OLI and Sentinel-2A based spectral indices 

and electrical conductivity measurements. Ecological Indicators, 112, 106173. 

Grunwald, S., Vasquesy, G.M., &Rivero, R.G. (2015). Fusion of soil and remote sensing data 

to model soil properties. Advances in Agronomy, 131, 1-109. 

Huete, A. R. (1988). A soil-adjusted vegetation index (SAVI). Remote sensing of 

environment, 25(3), 295-309. 

Imamoglu, M., &Sertel, E. (2016). Analysis of Different Interpolation Methods for Soil 

Moisture Mapping Using Field Measurements and Remotely Sensed Data. 

International Journal of Environment and Geoinformatics (IJEGEO), 3(3), 11-25. 

Katawatin, R., &Kotrapat, W. (2005). Use of LANDSAT-7 ETM+ with ancillary data for soil 

salinity mapping in Northeast Thailand. In Third International Conference on 

Experimental Mechanics and Third Conference of the Asian Committee on 

Experimental Mechanics (Vol. 5852, pp. 708-716). SPIE. 

Khan, N. M., Rastoskuev, V. V., Sato, Y., & Shiozawa, S. (2005). Assessment of hydrosaline 

land degradation by using a simple approach of remote sensing indicators. 

Agricultural Water Management, 77(1-3), 96-109. 

Li, X., Li, Y., Wang, B., Sun, Y., Cui, G., & Liang, Z. (2022). Analysis of spatial-temporal 

variation of the saline-sodic soil in the west of Jilin Province from 1989 to 2019 and 

influencing factors. Catena, 217, 106492. 

Liu, H. Q., & Huete, A. (1995). A feedback based modification of the NDVI to minimize 

canopy background and atmospheric noise. IEEE transactions on geoscience and 

remote sensing, 33(2), 457-465. 

Major, D. J., Baret, F. E. D. E., & Guyot, G. (1990). A ratio vegetation index adjusted for soil 

brightness. International journal of remote sensing, 11(5), 727-740. 

Matinfar, H.R., AlaviPanah, S.K., Zand, F.,&Khodaei, K. (2013). Detection of soil salinity 

changes and mapping land cover types based upon remotely sensed data. Arab. J. 

Geosci., 6, 913–919. 

Mayak, S., Tirosh, T.,& Glick, B.R. (2004). Plant growth-promoting bacteria confer 

resistance in tomato plants to salt stress. Plant Physiol. Biochem., 42, 565–572. 

Mehrjardi, R. T., Mahmoodi, S. H., Taze, M., & Sahebjalal, E. (2008). Accuracy assessment 

of soil salinity map in Yazd-Ardakan Plain, Central Iran, based on Landsat ETM+ 

imagery. American-Eurasian Journal of Agricultural & Environmental 

Sciences, 3(5), 708-712. 

Metternicht, G.I.,& Zinck, J.A. (2003). Remote sensing of soil salinity: potentials and 

constraints. Remote Sens. Environ., 85, 1–20. 

Nguyen, K. A., Liou, Y. A., Tran, H. P., Hoang, P. P., & Nguyen, T. H. (2020). Soil salinity 

assessment by using near-infrared channel and Vegetation Soil Salinity Index 



 

 

derived from Landsat 8 OLI data: a case study in the Tra Vinh Province, Mekong 

Delta, Vietnam. Progress in Earth and Planetary Science, 7, 1-16. 

Pandya, P., Gontia, N. K., & Parmar, H. V. (2022). Development of PCA-based composite 

drought index for agricultural drought assessment using remotesensing. J. of 

Agrometeorology, 24(4), 384-392. 

Parmar, H. V., &Gontia, N. K. (2019). Derivation of land surface temperature using satellite 

imagery and its relationship with vegetation index. Journal of 

Agrometeorology, 21(1), 104-106. 

Patel, K. C., Gontia, N. K., & Gojiya, K. M. (2019). Morphological parameters and their 

implications in forest watershed. Int. J. Curr. Microbiol. App. Sci, 8(04), 2818-2826. 

Periasamy, S. & Shanmugam, R.S. (2017). Multispectral and microwave remote sensing 

models to survey. Land Deg. and Development, 28(4), 1412–1425. 

Phonphan, W., Tripathi, N.K., Tipdecho, T. &Eiumnoh, A. (2014). Modelling electrical 

conductivity of soil from backscattering coefficient of microwave remotely sensed 

data using artificial neural network. Geocarto Int., 29, 842–859. 

Prajapati, G. V., & Subbaiah, R. (2019). Crop coefficients of Bt. cotton under variable 

moisture regimes and mulching. J. of Agrometeorology, 21(2), 166-170. 

Scudiero, E., Skaggs, T.H. & Corwin, D.L. (2015). Regional-scale soil salinity assessment 

using Landsat ETM+ canopy reflectance. Remote Sens. Environ., 169, 335–343. 

Sekertekin, A., Marangoz, AM. &Abdikan, S. (2018). Soil Moisture Mapping Using 

Sentinel-1A Synthetic Aperture Radar Data. International Journal of Environment 

and Geoinformatics (IJEGEO), 5(2),178-188. 

Shrestha, D.P. & Farshad, A. (2009). Mapping salinity hazard: an integrated application of 

remote sensing and modeling-based techniques, Chapter 13. In:Remote Sensing of 

Soil Salinization: Impact on Land Management (p. 257-272). NY, USA: CRC. 

Taghadosi, M. M., Hasanlou, M., & Eftekhari, K. (2019). Retrieval of soil salinity from 

Sentinel-2 multispectral imagery. European Journal of Remote Sensing, 52(1), 138-

154. 

Tran, T. V.; Tran, D. X.; Myint, S. W.; Huang, C. Y.; Pham, H. V.; Luu, T. H. and Vo, T. M. 

2019. Examining spatiotemporal salinity dynamics in the Mekong River Delta using 

Landsat time series imagery and a spatial regression approach. Science of the Total 

Environment. 687: 1087-1097. 

Triki Fourati, H., Bouaziz, M., Benzina, M. & Bouaziz, S. (2017). Modeling of soil salinity 

within a semiarid region using spectral analysis. Arab. J. Geosci., 8(12), 11175–

11182. 

Ulker, D., Ergüven, O.,&Gazioglu, c. (2018). Socioeconomic impacts in a Changing Climate: 

Case Study Syria. International Journal of Environment and Geoinformatics 

(IJEGEO), 5(1), 84-93. 

Verma, K. S., Saxena, R. K., Barthwal, A. K., & Deshmukh, S. N. (1994). Remote sensing 

technique for mapping salt affected soils. International Journal of Remote 

Sensing, 15(9), 1901-1914. 

Vidal,A., Maure,P., Durand, H., & Strosser,P. (1996). “Remote Sensing Applied to Irrigation 

System Management: Example of Pakistan,” EURISY Colloquium: Satellite 



 

 

Observation for Sustainable Development in the Mediterranean Area, Paris, pp. 132-

142. 

Vincent, B., Vidal, A., Tabbet, D., Baqri, A., & Kuper, M. (1996). Use of satellite remote 

sensing for the assessment of waterlogging or salinity as an indication of the 

performance of drained systems. 

Wandre, S. S., & Rank, H. D. (2013). Assessment of morphometric characteristics of 

Shetrunji River basin using remote sensing and geographical information system 

(GIS). African Journal of Agricultural Research, 8(18), 2003-2015. 

Wang, J., Ding, J., Yu, D., Teng, D., He, B., Chen, X., & Su, F. (2020). Machine learning-

based detection of soil salinity in an arid desert region, Northwest China: A 

comparison between Landsat-8 OLI and Sentinel-2 MSI. Science of the Total 

Environment, 707, 136092. 

Wang, J., Peng, J., Li, H., Yin, C., Liu, W., Wang, T., & Zhang, H. (2021). Soil salinity 

mapping using machine learning algorithms with the Sentinel-2 MSI in arid areas, 

China. Remote Sensing, 13(2), 305. 

Wang, X., Zhang, F., Ding, J., Kung, H., Latif, A. & Johnson, V.C. (2018). Estimation of soil 

salt content (SSC) in the Ebinur Lake Wetland National Nature Reserve 

(ELWNNR), Northwest China, based on a Bootstrap-BP neural network model and 

optimal spectral indices. Sci. Total Environ., 615, 918–930. 

Yu, R., Liu, T., Xu, Y., Zhu, C., Zhang, Q., Qu, Z.,& Li, C. (2010). Analysis of salinization 

dynamics by remote sensing in Hetao Irrigation District of North 

China. Agricultural Water Management, 97(12), 1952-1960. 

Zinck, J.A.,&Metternicht, G. (2008). Soil salinity and salinization hazard, Chapter 1. In: 

Remote Sensing of Soil Salinization: Impact on Land Management. (p. 3-60). NY, 

USA: CRC. 


