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Chapter - 10 

Application of Remote Sensing for Precision Water 

Management 

Richa Khanna, Anil Nath, Anurag Bera, Krishan Pal, Virendra Singh, Ananya Singh and 

Abhay Saini 

 

 

In the words of Leonardo da Vinci “Water is the driving force of all nature”. 

There is no doubt water is the most precious gift of nature to mankind, but due 

to unwise use of water, in present time we are facing the scarcity of water. One 

third of our planet earth is covered with water but all of that water is not 

available for our use. Only 2.7 percent of total water on earth is fresh water 

and that can be used by us. Water is required by all forms of life on earth, 

including plants. At present the gap between availability and supply of water 

is continuously widening and agriculture sector is not an exception. 

Agriculture consumes a major portion of the fresh water available on earth and 

this sector also accounts for most un précised use of water. Generally, farmers 

lack knowledge on irrigation aspects that when to apply water, how to apply 

and how much to apply, due to these factors there is massive loss of water. 

Further, due to liberalization in Government policies a huge number of 

farmers have installed submersible and pump sets in their fields which is 

providing them water with less efforts and they are using it unwisely. In 

agriculture the most optimum way to save water is by improving water use 

efficiency which can be attained by better crop management practices. 

Therefore, it becomes essential to apply water to crops in a précised and 

calculated manner so that wastage can be avoided and this can be made 

possible by use of advanced techniques like micro irrigation and remote 

sensing. 

Among these remote sensing is an innovative technique that can manage 

water precisely and helps in avoiding wastage. Several sensor-based devices 

like drones, satellite images, GPS, GIS etc. are used which ensure the optimum 

utilization of water.  

What is Remote Sensing? 

The science of deriving information about an object from measurements 

of electromagnetic radiation reflected or emitted from that object is known as 

remote sensing (Lillesand and Kiefer, 1994). In simple way, “Remote sensing 

may be defined as sensing of an object from a far place without being in 
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contact with it”. Remote sensing is a potentially important tool in agriculture 

because the sensors are able to store analyze and display the sensed data. 

The process of remote sensing can be understood simply by following 

elements 

 

Fig 1: Elements of Remote Sensing 

1. Energy source or illumination (A)  

2. Radiation and the atmosphere (B) 

3. Interaction with the target (C) 

4. Recording of energy by the sensor(D) 

5. Transmission, reception and processing (E) 

6. Interpretation and Analysis (F) 

7. Application (G) 

Why to go for remote sensing for precision water management? 

 It provides synoptic coverage. 

 Large and inaccessible areas can be covered effectively. 

 It provides information in spatial domain. 

 The data obtained by remote sensing is quantifiable and the software 

can process it quickly. 

 It can serve as a store house of large amount of data. 

 Remote sensing process doesn’t disturb any living being and 

environment. 

Application of remote sensing for precision water management 

Remotely sensed images have a variety of use in agriculture from 

identifying nutrient deficiencies, disease diagnosis, sensing water deficiency 
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or surplus, weed infestations, insect damage, hail damage, wind damage, 

herbicide damage, and plant populations. The images taken through satellites 

and aircrafts provides a means to assess the existing field conditions without 

being in physically contact with the place. Using these images and data 

analyzed by different softwares farmers can easily get information on when to 

irrigate and how much to irrigate. 

 

Remote sensing for irrigation scheduling 

Irrigation scheduling is one of the most important criteria that determines 

the efficient utilization of irrigation water. It includes aspects like when to 

irrigate and how much to irrigate. Remote sensing can be effectively used for 

irrigation scheduling either through determination of crop coefficient or by 

determination of canopy temperature by infrared or thermal regime images. 

 

A. Determination of crop coefficient (Kc) 

Crop coefficient (KC) is the ratio between evapotranspiration of crop 

(ETC) and potential evapotranspiration (ET0). Crop coefficient (Kc) based 
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estimation of crop evapotranspiration (ETc) is one of the most commonly used 

methods for irrigation water management (Singh and Irmak, 2009). This 

method is often used for irrigation scheduling but the most limiting factor in 

this method is difficulty faced in reliably estimating the values of crop 

coefficients. For most of the crops constant KC values are used for irrigation 

scheduling and crop coefficients are commonly estimated based on days since 

planting or (occasionally) growing degree days (Allen et al. 1998). A wide 

variety of irrigated crops are grown under a wide range of conditions, and 

dependable crop coefficients are not available for many of the crops and 

growing conditions. This is especially true for horticultural and other specialty 

crops that are increasingly important in irrigated areas. The figure 2 shown 

below is representing how crop coefficient values are changed according to 

different environmental parameters (Aghdasi et al., 2011). Therefore, in such 

cases remote sensing technique is an efficient, economic and strong tool for 

monitoring KC values. The crop coefficient values obtained by remote sensing 

were found to be 30 percent more précised as compared to visual or local 

methods of detection (Trout, 2009).  

 

Fig 2: Variation of KC with different environmental factors 

B. Canopy temperature concept 

Plant water stress is a very good method to determine time and quantity 

of irrigation to be applied to a crop. Thermal images obtained through remote 

sensing is a very efficient technique to detect water stress faced by plant. 

Based on thermal sensing “Crop Water Stress Index” is calculated and it helps 

in optimizing irrigation to be applied to a crop (Jones et al., 2009).  
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Where, T canopy = Actual canopy temperature obtained with thermal image 

sensing. 

T wet = Temperature of a transpiring leaf with open stomata. 

T dry = Temperature of non-transpiring leaf with closed stomata. 

The images 1 and 2 shows canopy temperature based thermal images in 

rice crop at IRRI, Manila and in grape wine yards, South America where well 

irrigated portions are shown in blue color and drought affected ones are shown 

in red color (Jones et al., 2009). 

 

Image 1: Canopy temperature based thermal images in rice indicating well irrigated 
and drought affected areas. 

 

Image 2: Canopy temperature based thermal images in grape vineyards indicating 
well irrigated and drought affected areas 

Remote sensing for water resource management 

 Water occurs on earth in three forms: solid, liquid and gases. About 97 

percent of water present on earth is confined to oceans, which is not useful for 
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irrigation purpose. Out of total water available on earth, 2.60 percent is fresh 

water and out of this 77.23 percent is found in polar ice caps, ice bergs and 

glaciers. Only a small fraction of water resources of earth is present in ground, 

lakes, rivers and atmosphere and can be harvested for irrigation of crops 

(Reddy and Reddy, 2020). Therefore, it becomes very important to utilize 

these resources and wastage in any form should be avoided.  

A. Canal breaching or leakage detection 

 Canals are one of the main sources of irrigation in India. Water from the 

rivers is directed towards agricultural fields through canals. However, the 

conveyance efficiency of canals in not up to the mark and major loss occurs 

through seepage through breaks present in canals. These breaks go unnoticed 

for a longer period of time and results in wastage of precious water resources. 

The most common ways to locate break in a canal system is either through 

visual observations or through flow monitoring equipments which are very 

costly. Remote sensing based imaging system has lots of potential in 

identifying these cracks and seepage loss in almost no time and a lot of water 

resources can be saved by that way (Huang et al., 2010; Arshad, 2008). Image 

3 is showing how remotely sensed thermal images can easily detect damage 

in a canal and its rectification can save gallons of water from being wasted 

(Huang and Fipps, 2002).  

  

Image 3: Detection of seepage in canal caused by cracks through thermal imaging. 

B. Remote sensing for groundwater exploration 

Groundwater removal for human consumption is a practice since time 

immemorial. Since surface water resources are not sufficient and they tend to 

dry up in non-monsoon season people remove the groundwater for various 

usages. As a result of this most of the groundwater resources are getting over 

exploited. Remote sensing helps us to identify potential exploitation zones and 

thus prevents over and under utilization of resources and helps in précised 
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water management. Table 1 is showing hydro geomorphological analysis of 

Sohna block of Haryana to identify potential sites for groundwater 

exploitation (Chaudhary et al., 1996). The table clearly indicates that alluvial 

plains and low-lying depression areas have excellent potential to exploit 

groundwater whereas, low structural hills and pediment areas have very poor 

potential for groundwater removal. This data obtained through remote sensing 

could be very beneficial in identifying potential sites and exploitation of 

resources can be reduces.  

Table 1: Hydro geomorphological analysis of Sohna block of Haryana 

Area Under Study Water Level Exploitation Potential 

Low structural hills - Very poor 

Valley fills 6-12 m (bgl) Good 

Pediment 25-30 m (bgl) Poor 

Piedmont plain 16-21 m (bgl) Moderate to fair 

Aeolian plains 17-27 m (bgl) Moderate to good 

Alluvial plains 4-9 m (bgl) Excellent 

Low lying depressing areas 6-9 m (bgl) Excellent 
 

 

Image 4: Assessment of nitrate pollution through remote sensing 

C. Assessment of over usage of water and pollution control 

Remote sensing can be successfully used for assessment of water and soil 

pollution levels. Image 4 is showing GIS based sensing of leached nitrates 

from the soil. This data can be successfully used to identify potential polluted 

sites and measures can be adopted for reclamation and amelioration of soil 

pollution (Rida A Al Adamat et al., 2006). Lei et al. (2009) used the technique 
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of remote sensing to assess the amount of nitrate N leached due to excess usage 

of irrigation water and also assessed the nitrogen hazard classes by the use of 

remote sensing (Image 5). In terms of amount of nitrate leached maximum 

amount is reported from agricultural fields where nitrogenous fertilizers are 

being used and least leaching was reported from urban areas. Such assessment 

through remote sensing could be highly beneficial for the society.  

 

Image 5: Amount of nitrate N leached due to excess irrigation water and nitrogen 

hazard classes. 

D. Remote sensing for water quality assessment 

Remote sensing based spatial images can be used for assessment of water 

quality. Parameters such as electrical conductivity, TDS, sodium absorption 
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ratio and total hardness were assessed by Balachandar et al., 2010 in 

Coimbatore (Image 6 and 7). The study revealed that The EC values ranged 

from 430-5500 m mhos during 2008, indicating moderate to high values. 95 

% of total samples falls under good and excellent category of SAR and 5 % 

under permissible category. About 59 % of samples during pre-monsoon and 

63 % of samples during post monsoon period falls under good quality 

irrigation water suitable for irrigation. With the easy availability of this kind 

of data water quality can be assessed in a much more précised way and 

provision for safe irrigation water can be ensured for farmers. 
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Image 6: Remote sensing based electrical conductivity and TDS map of groundwater 

of Coimbatore. 



 

Page | 107 

 

 

Image 7: Remote sensing-based sodium absorption ratio and total hardness map of 

groundwater of Coimbatore. 



 

Page | 108 



 

Page | 109 

 

Image 8: Remote sensing based assessment of pre and post monsoon water logged 

areas in Punjab. 

E. Remote sensing for water logging assessment: 

Water logging is considered to be one of the major threats to agricultural 

production. Remote sensing through its synoptic viewing and multi spectral 

capability makes the task of precise mapping of water logging much easier. 

Bhatt et al. (2001) compared the pre and post monsoon season water logging 

in Punjab. The remotely sensed images helped in identification of areas 

affected with water logging in pre monsoon period and then in post monsoon 

period.  

This data could be potentially used for determining the types of crops to 

be taken and measures to be adopted for overcoming water logging problems 

(Image 8). 
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Conclusion 

 Remotely sensed vegetation indices helps in over coming within field 

variability and can be used towards upgradation of crop coefficients. 

 Remote sensing can be used to pinpoint the location of breaks in the 

canals in addition to merely detect its presence. 

 Integrated assessment of surface features is a suitable method for 

predicting groundwater potential and water storage structures. 

 It can be successfully used in assessment of risks associated with over 

usage of water like nitrate pollution and water logging. 

On the basis of above discussed points, we can say that remote sensing is a 

very efficient technique in précised management of water in agriculture.  

Major Gaps 

 No agency has overall responsibility for regularly updating and 

maintaining remote sensing data. 

 At present remote sensing and GIS data are only generated in a 

project mode in specific segments. 

 User departments are attempting to address on their own GIS 

requirements and rather than integrating it with other related aspects. 

 Data duplication and state-level data inconsistency is an unresolved 

matter. 

Future line of work 

 Integrated approach of remote sensing involving various aspects of 

agriculture and allied fields need to be studied. 

 Need to broaden the horizons of remote sensing rather than 

considering it as a project and making it more farmer’s friendly. 
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