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Abstract 

Water and soil resources mismanagement can create an adverse effect of escalating global poverty and 

also jeopardize the entire ecosystem. It can generate a significant cost to the environment. Even though 

not involved within certain 43,00 million hectares of geographic location, approximately 24% 

equivalent land surface of the earth is degraded land, also 1/3 global population, that is 2 billion people 

lack safe and affordable water for domestic purposes. Hence, taking the critical view to development of 

strategies is to identify the root causes of all the major problems. However, it requires a reliable and 

rapid information system that is indefinable due to the environmental complexity and the limited 

availability of the existing tools. Yet, the increased progress and availability of geographic data, remote 

sensing analysis tools can provide fresh possibilities to explore and monitor environmental 

inconsistency that influence key soil management and land use options. This review paper describes the 

prime constraints, explores the major concepts, the future remote sensing potential for mapping as well 

as to provide almost real-time features on water and soil quality in major land use context and practices 

deployed at the global level. 
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Introduction 

An Overview of remote sensing of water and soil environments 

Sound assessment and reliable information methods concerning the ecosystem, mostly helps 

identify the correct indicators to assess changes that frequently occur in the ecosystem. 

Information regarding the available ecosystem can be gathered by ground based as well as 

remote sensing techniques. The data acquisition of ground-based method involves gathering 

in-situ data of field observations, while using remote sensing data collection method is based 

on the application of acquiring image data by different type of sensors. The technology of 

remote sensing is applied to gather data on unreachable or dangerous located sites, which are 

readily accessible by using ground methods. It is due to remote sensing helps collect data 

regarding the area at a distant location in the absence of direct contact with the location under 

investigation. Therefore, such information is usually acquired by interactive electromagnetic 

radiation measurements with the earth’s locations, while the data are collected and 

maintained as images. This can be done by interpreting using GIS software. This is done by 

propagating Electromagnetic energy through space by means of waves, is featured by 

applying electrical along with magnetic fields. In several regions, remote sensing operates to 

provide by electromagnetic spectrum where, the spectrum, the UV portion provides the small 

wavelengths. The microwave and thermal regions have the larger wavelengths, which are 

practically used by remote sensing. Every spectrum band provides distinct information 

regarding the earth’s characteristics (Kuenzer, et al., 2013) [13]. For example, thermal infrared 

provides microwaves and surface temperature to provide surface roughness information. The 

solar radiation, visible region is connected with various colors like green, red and blue 

spectra, which are known to be the principal visible spectrum colors. 
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Fig 1: Remote Sensing of Land Surface Dynamics for the Large River Delta Region Quantification -- A Review (Kuenzer et al., 2019) [11]. 

 

Although, major advancements and innovation in this 

specific field have occurred recently, the earth observation 

from a distance was going on since long. The most 

noteworthy satellite-derived remote sensing started in 1972, 

when the NASA launched their initial civilian Landsat-1, 

remote sensing satellite, which cemented the process for the 

modern application of remote sensing in several disciplines. 

Presently, there is a requirement for sophisticated 

technologies in diverse areas like inventories, environmental 

monitoring, ecosystem management, biodiversity 

assessment and analysis of species-habitat suitability. Such 

technologies are based on different physical ecosystem 

parameters, social, economic positions in the community.  

The recent climate trend and explicit impacts due to 

manifested transformations in sea level rise, temperatures 

and precipitations, have been compiled and categorized 

(Kuenzer & Renaud, 2012) [12]. 
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Fig 2: Large River Delta Region’s Quantification of Remote Sensing, Land Surface Dynamics (Kuenzer, & Renaud, 2012) [12]. 

 

Hence, remote sensing is utilized to assess the ecosystem 

health in general by dynamically monitoring the earth’s 

surface. NDVI- Normalized Difference Vegetative Index 

value is measured as a measured reflectivity ratio with the 

electromagnetic spectrum red and near infrared portions 

used to measure the vegetation covering of the earth. These 

bands of red and near infrared spectrum are selected because 

they are highly affected by the chlorophyll absorption and 

the green vegetation, surface (Kuenzer, et al., 2013) [13]. The 

investigation by ICARDA Scientists like Dr. 

Chandrashekhar Biradar showed the influence of food 

policies, cropping patterns and on the air quality and water 

over the past one decade. By Elsevier, they have published 

an open-access paper concerning the Global Environmental 

Changes. The remote sensing technological study was used 

in India, where country’s one-fifth wheat is generated and 

paddy rice regions are increasing significantly (ICARDA 

Communication Team, 2021) [6]. 

From 2001 to 2018, depending on these observations made 

through multiple satellites, the scientists observed that the 

expansion of paddy rice enlarged groundwater depleted by 

almost 1.50 cm every year. The residue burning process was 

also amplified by 500%. These are main factors creating air 

pollution, which has augmented more than 32% in these 

areas (ICARDA Communication Team, 2021) [6].  

Satellite observation indicated that groundwater protection 

policy enactment in the year 2009 considerably decelerated 

depletion of groundwater because of delayed harvest dates 

and rice planting (ICARDA Communication Team, 2021) 
[6]. 
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Chart: The commonly used specifications of airborne sensors to assess water quality (Gholizadeh, Haji et al. 2016) [5]. 

 

Introduction 

The major twenty-first century global issues include fast 

population increase, insecurity and scarcity of food, water, 

and accelerated GHG- greenhouse gas emission (Kuenzer, et 

al., 2013) [13], while the global population is expected to 

reach 10.2 billion by 2045, and to 11.2 billion by 2100. 

(http://esa.un.org/wpp/AnalyticalFigures/htm/fig_1.htm; Lal 

2001), The insecurity problems due to food and water can 

further escalate, particularly with the non-sustainable 

adoption solutions like land conversion and indiscriminate 

intensification of agricultural activities. Even though 

improved yield promising, the indiscriminate agricultural 

escalation dangers are based on excessive use of fertilizers, 

animal waste; pesticides, which eventually degrade the 

water resources and land to increase the chances of adverse 

weather and ecological conditions (Kolokoussis & 

Karathanassi, 2018) [10].  

The degradation of land can decline the ecosystem 

functions, balance and productivity by various hurdles, 

hence, the land gets eroded unable to recover unaided 

(Kuenzer, et al., 2013) [13]. Further transport of solutes like 

phosphorus and nitrogen concentration to waterways from 

agricultural runoff following indiscriminate agricultural 

amplification pollutes most of the water resources 

(Jennerjahn, 2012) [9]. Around 2.8 billion people have no 

proper access to safe water. Further research is needed to 

reduce the indiscriminate agricultural growth repercussions 

with reliable techniques to assess water quality and soil 

changes in agricultural ecosystems (Jennerjahn, 2012) [9]. 

 

 
 

Fig 3: Positioning of Landsat7/ETM+ Spectral band on ASD, Spectroradiometer spectrum (El Saadi, & Jahin, 2014) [3]
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2.1 Remote Sensing  
The remote sensing procedure is the science and technique 

to acquire the correct information regarding the object 

property of a certain area or considered as phenomena 

without any physical contact with the area or objects under 

investigation (Dessalegn Ejigu, 2016) [1]. The instruments 

and tools utilized for such applications may employ several 

ranges of physical energy distribution. For example, Sonars 

operate on the optical instrument, acoustic wave distribution 

principles using a photographic camera with multi-spectral 

scanner for the distribution of electromagnetic energy. 

Hence, the electromagnetic radiation interaction with the 

surface of the earth is measured by space-borne or airborne 

sensors to gather data of interest regarding the given region 

and search data collected at the stipulated intervals to 

uncover the changes in the land-cover pattern and land use 

(Mironga, 2004) [19].  

 

  
 

Fig 4: From the sun, the reflected energy emitted is measured by passive remote sensing, while active sensing remote work illuminates its 

target to measure its backscatter (GIS, Geography, 2021) [4]. 

 

Measurements taken and its analyses performed remotely is 

used to collect data, and they are stored as images in the 

data folders in the satellite images or aerial photograph form 

to be integrated to analyze using GIS and they represent the 

real features of the world. Although, the data of remote 

sensing can be interpreted and processed in the absence of 

other information, the actual result obtained by linking 

remote sensing to ground measurements or surface 

measurements with observations (Janssen, 2001) [7-8].  

 

Airborne and Space borne Sensors to obtain Water 

Quality: The sensor tools for observation have bifurcated

into two major categories depending on the proposal. 

Normally, within the Earth’s atmosphere, Airborne sensors 

are placed on a secured platform like an aircraft, a balloon, a 

boat, a helicopter. While the space borne sensors are placed 

on a satellite or spacecraft to designated locations beyond 

the Earth’s atmosphere. These sensor properties should be 

understood before application and it becomes imperative to 

select a proper sensor to fulfill the study objectives (Wang 

& Lin, 2011) [35]. 

 

 
 

Fig 5: The remote sensing of lower Tropospheric Thermodynamic profile, a review of its indispensable role, the understanding and the 

simulation of energy and water cycles (Volker Wulfmeyer, et al., 2015). 
 

Hence, several methods of satellite remote sensing and 

airborne systems are normally applied to assess water 

quality, together with the spectral properties, that includes 

spectral bands, spatial resolution, and revisiting time 

interval for presentation. The tabulated data help while 

designing and assessment planning of water quality studies, 
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that can be applied with an appropriate sensor selection 

together with many varieties of sensors presently available 

in the market (Volker Wulfmeyer, et al., 2015). 

 

Investigation of Water Quality through Remote Sensing 

Technology 

The review of water quality is the evaluation of the physical, 

chemical, and biological process and water body 

characteristics, identifying the probable contamination 

sources that degrade and disintegrate the water quality 

(Pahlevan, Raqueno, & Schott, 2012) [20]. The quality 

degradation of water resources can happen for pesticides, 

waste discharges, heavy metals, sediment microorganisms, 

and nutrients. Various standards of water quality have been 

developed to assist in identifying the water pollution levels, 

and therefore to preserve these water quality standards 

(Minderhoud, et al., 2018) [17]. 

  

Passive and Active Remote Sensing  

The remote sensing process utilizes various devices called 

as sensors to measure, assess, and record as evidence, the 

electromagnetic energy. The Active sensors like laser and 

radar have their own energy source and they emit a 

proscribed energy beam to the surface area. It can also 

measure the quantity of reflected energy. These Active 

sensors are utilized to measure and identify the emission and 

return time delay and can establish the speed, height, 

location, and an object's direction under investigation. Such 

active sensors can possibly emit the restricted and own 

controlled and managed signals, to operate during the day 

and night, irrespective of the external source energy 

availability. Whereas, on the contrary, Passive sensors can 

operate only by using the natural energy sources. Due to 

this, many passive sensors utilize the sun as a major energy 

source and can operate only during day time. Yet, passive 

sensors can measure more distance and the longer 

wavelengths concerning the earth’s temperature, hence do 

not rely on the external illumination source and hence, can 

possibly operate at any time (Woldai, 2001) [31]. 

 

Limitations of Remote Sensing  

Despite several invaluable and vital applications in various 

regions of interest, the remote sensing technology 

application to monitor and manage ecosystems and habitats 

can possibly face certain practical drawbacks. There are 

several practical limitations as well, which are normally 

engraved in the techniques applied because of restricted 

capability of light to penetrate and pass through the 

atmosphere and water levels. One other remote sensing 

limitation is the assessing suitability and in difficulties in 

certain sensors. For instance, remote sensing has the 

tendency to provide Geomorphological instead of reef 

structure, ecological information. This happens due to the 

limited spectral resolution and spatial motion caused by 

sensors in the presence of several external barriers like 

water depth and water turbidity. Apart from that, a highly 

vital remote sensing limitation is the cloud covering 

problem that can significantly decrease the quantity of 

proper images to be made available for every season 

(Mironga, 2004) [19]. 

  

Objectives 

1. To identify and review the remote sensing sources, 

methods and applications. 

2. To identify and review the Remote Sensing methods to 

problems related to Water and soil Environments. 

3. To review various Remote Sensing tools to identify the 

probable water contamination sources. 

 

Literature Review 

The Review done by Melesse et al. (2007) [18], there exist 

eight prominent remote sensing regions; a few run parallel 

in time zone, but they are unique in technology terms, 

utilization of data concept, data characteristics, and 

applications. They are:  

1. The era of airborne remote sensing: The era was 

evolved at the time of 1st and 2nd World War, when the 

remote sensing was specifically utilized for the 

surveying purposes, mapping and reconnaissance of 

military surveillance (Wang & Lin, 2011) [35]. 

2. The space-borne rudimentary remote sensing satellite 

era: Began after the ‘test of concept’ launch of 

rudimentary Sputnik 1 satellite by Russia and the US 

Explorer 1 at the 1950 end. It was followed by the 

meteorological satellite known as TIROS-1- Satellite-1 

Television and Infrared Observation by the US 

(Volante, et al., 2012) [34]. 

3. The remote sensing Meteorological satellite sensor era: 

During this period, the initial sensors of meteorological 

satellite of GOES- Geosynchronous Operational 

Geostationary Environmental and NOAA- National 

Oceanic polar orbiting and Atmospheric 

Administration, AVHRR-Advanced Very High 

Resolution Radiometer were materialized. The data 

were generated in digital form, were assessed and 

analyzed by use of special computer software. Also, 

environmental applications and the global coverage 

became practical and realistic (Melesse et al. 2007) [18]. 

4. Landsat era: In 1972, it started with the Landsat-1 

launch, called Resources Earth Technology Satellite 

carrying MSS- multi-spectral scanner and sensor. It 

followed by another satellite 2, called path-finding 

Landsat 3 carrying Landsat 4, MSS, and Landsat 5. 

They carried 2007, 7 3211 Sensors TM- Thematic 

Mapper. ETM+ Enhanced Thematic Mapper, the 

Landsat 7 carried the Landsat (Melesse et al. 2007) [18]. 

 

Conclusion and recommendations 

This review paper assessed the limitations and potential 

strengths of a nondestructive remote sensing and rapid 

evaluation tool to detect, map, and monitor the agricultural 

impacts on water and soil quality and provide new data 

processing insights with options available to increase the 

validity of the information.  

The review explains the tap water spectral reflectance i.e., 

purification) and it was observed to be considerably diverse 

from that lake water, which is not purified and observed in 

the wavelength range of 360 and 2,600. However, even 

though certain reflectance trends were identified for certain 

soils under explicit land management, such findings need 

further review. Because the reflectance of the soil pattern 

transforms sporadically when the wavelength is compared 

with water, mainly because of the soil material complexity 

and heterogeneity.  

Ground data chosen after rigorous sampling designs, it is 

mainly for calibration validation. Regarding the 

heterogeneous land conditions, the technique of sub pixel 

mapping can decrease the imagery spectral ambiguity. A 
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prime issue of remote sensing is based on various 

applications, providing a gap between complexities and 

understanding the environment, while the designers of 

sensors can critically observe and modify, if needed. More 

research is essential to identify the electromagnetic 

spectrum wavelengths to detect soil and water quality varies 

with the surface depths.  

This can provide a useful building application for future 

sensors, due to their active sensors like RaDAR and LiDAR, 

which have explicit wave bands designed to initiate other 

resource mapping. Data integration and fusion of the sensor 

data can provide missing information to improve the 

monitoring outcome. In the future, the passive and active 

combination of sensors can prove useful to fill data gaps, 

and assesses water and soil quality at different spatial and 

temporal scales (Zhang et al., 2019) [32].  
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