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Preface 

This volume came into the mind of the editors to help Asian countries in taking 
the necessary steps to protect the environment against human-induced degradation. 
As a result, the book titled “Environmental Degradation in Asia: Land Degradation, 
Environmental Contamination, and Human Activities” will assist Asian countries in 
meeting the SDGs connected to the environment. The volume consists of four parts 
and 29 chapters written by more than 70 authors from different Asian countries. The 
four parts cover (i) Land Degradation in eight chapters, (ii) Part II: Soil Degradation 
and Environmental Contamination in eight, (iii) Part III: Climate Change and Human 
Activities in nine chapters, and (iv) Part IV: Drought, Vegetation Degradation in four 
chapters. 

Chapter 1 is titled “Land Use Land Cover Mapping in Support of Land Degra-
dation Mapping Using Tree-Based Classifiers”. The authors developed land cover 
mapping of the study area of Shiraz using Landsat-8 and Sentinel-2A satellite images 
based on several supervised machine learning classifiers, including a complex tree, 
a medium tree, a simple tree, and a fine gaussian SVM, developed in the MATLAB 
programming language. The OA and KI statistical indices are used to evaluate 
the obtained classification results. Additionally, the results are compared with the 
previously mentioned supervised methods of tree-based algorithms against the fine 
Gaussian SVM method for Landsat-8 and Sentinel-2A satellite image classification. 

Chapter 2 is titled “Detection of Anthropogenic and Environmental Degradation 
in Mongolia Using Multi-Sources Remotely Sensed Time Series Data and Machine 
Learning Techniques”. The chapter presents the detected environmental change and 
land degradation of Mongolia for the period 1990-2019 using multi-sources RS 
time-series data. The impacts of several factors are investigated including (1) climate 
factor impact on land degradation and environmental change, (2) impact of land cover 
change on land degradation and environmental change, (3) impact of vegetation index 
on land degradation and environmental change, and (4) impact of drought on land 
degradation and environmental change.

v
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Chapter 3 is titled “Assessment of Land Degradation Vulnerability Using 
GIS-Based Multicriteria Decision Analysis in Zakho District, Kurdistan Region 
of Iraq”. The authors evaluate land degradation vulnerability and identify vulner-
able zones in the Zakho district in the Kurdistan Region of Iraq using GIS, RS, and 
a multicriteria decision analysis approach. They analyze the susceptibility of land 
degradation in the study area using a variety of physical and socio-economic criteria. 

Chapter 4 is titled “Evaluation of Geo-hazard Induced by Zarand Earthquake 
in Central Iran Using Thermal Remote Sensing Data and GIS”. In this chapter, 
the geo-hazard evaluation of the Zarand Earthquake in central Iran, which occurred 
February 10th–28th, 2005, is analyzed, and the land surface temperature (LST) varia-
tion for the years 2004, 2005, and 2007 is mapped. Finally, the in-situ air temperature 
variation for the entire month of February 2005 (1st–28th February) is analyzed and 
compared with data from the ten years before (1994–2004) and six years (2006– 
2011) after the earthquake. The authors use the satellite data of the MODIS daytime 
LST product (MOD11A1) from the thermal band during the period from February 
10th to 28th, 2005. 

Chapter 5 is titled “Environmental Control of the Sand Dunes in Iraq”. The authors 
use three methods to detect the changes in the shape, size, and area of the different 
studied dunes. The three approaches are (a) field work, (b) Iraqi geological maps, 
and (c) GIS technique. 

Chapter 6 is titled “Amu Darya Dynamics in Afghanistan Using Remote Sensing 
Data”. This chapter applies remote sensing data and geo-information techniques 
to understand the temporal and spatial channel changes and dynamics of the Amu 
Darya river along Afghanistan’s border. Also, mapping and analyzing the land cover 
changes of four classes over the study area are being investigated. Moreover, deter-
mining land conversion from 1990– 2020 between the investigated classes has been 
conducted. Also, seasonal land degradation is being investigated. The authors used 
four Landsat images (1990, 2000, 2011, and 2020) from the same period (May–July) 
to avoid seasonal changes. The seasonal changes are investigated in 2020, in all four 
seasons. Their analysis has been made on the Google Earth Engine platform. 

Chapter 7 is titled “A New Method for Land Degradation Assessment in the Arid 
Zone of Republic of Kazakhstan”. The authors use the following major processes 
altogether to characterize the land degradation phenomenon: decreasing productivity, 
i.e., changes in vegetation; soil degradation (erosion); desertification (increasing of 
bare land area); and salinization of the soil. These processes are well recognizable 
using satellite data in the form of direct observation, band ratio computations, or 
other more or less sophisticated approaches. 

Chapter 8 is titled “Land Degradation Issues in Uzbekistan”. The chapter focuses 
on showing that existing soil degradation problems are under the effects of climate 
change and suggests different ways of solving them. 

Chapter 9 is titled “Soil Erosion Catastrophe in Iraq-Preview, Causes, and Study 
Cases”. In this chapter, the authors review most of the available research articles and 
reports that are interested in and involved in estimating and managing soil erosion 
in Iraq.
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Chapter 10 is titled “Assessment of Aircraft Noise Pollution on Students’ Perfor-
mance”. Here, the authors explore the effects of aircraft noise on students’ learning 
performance and teachers’ teaching performance at selected schools near Abu Dhabi 
International Airport. 

Chapter 11 is titled “Role of Effective Factors on Soil Erosion and Land Degra-
dation: A Review”. The authors conducted a comprehensive review and discussed 
the main factors affecting land degradation, with a major focus on soil erosion. 
Land degradation sources fall into two main categories: natural and anthropogenic 
sources affecting land degradation. The main anthropogenic sources, including the 
role of agriculture, soil salinity, building and urbanity, culture, people’s outcomes, 
environmental pollution, and war, are presented and discussed. 

Chapter 12 is titled “Cadmium Fractionation Technique as a Chemical Degrada-
tion Indicator for Some Soils Near Diyala River in Iraqi Center”. The authors, in this 
chapter, investigate pollution with cadmium as a chemical degradation indicator for 
some soils irrigated by the Diyala River (southern part) in the Iraqi center. 

Chapter 13 is titled “Land Degradation Due to MSW Dumping and Sanitary 
Landfilling: Iraq as a Case Study”. The chapter focuses on finding out the rate of 
land degradation due to open dumping and landfilling of solid waste in the short 
and long term. The social and environmental impacts and the measures to stop this 
tragedy and land rehabilitation in the long term are presented. 

Chapter 14 is titled “RUSLE Model in the Northwest Part of the Zagros Mountain 
Belt”. Investigation of this topic is essential to suggest mitigations and extend the 
life of the Mosul Dam. The Mosul Dam, which impounds the Tigris River, suffers 
from different problems, one of which is siltation. This kind of investigation helps 
in understanding the nature and type of land erosion processes. Also, many sectors 
of society in a concerned region will benefit from this investigation. The authors 
estimate the mean annual loss of soil in the Al-Khabur River Basin (KhRB) on the 
northwest side of the western Zagros Range (Kurdistan Region/Iraq). 

Chapter 15 is titled “Changes in the Water Quality of Large Rivers in the Asian 
Part of Russia from the Standpoint of Achieving Sustainable Development Goals”. 
The authors studied the interim tendencies in water quality in the large rivers of 
the Asian part of Russia applying Indicator SDG 6.3.2 methodology. The primary 
objective was to choose the so-called target values characterizing good water quality. 
In Level 1 evaluation, they used national water quality standards, those recommended 
by UNEP, and individual target values for each region under discussion. 

Chapter 16 is titled “A Sustainable Way for Fish Health Management by Replace-
ment of Chemical and Drugs by Earthworm”. The authors investigated the need for 
a sustainable method for fish health management. They also found that earthworms 
play a key role in this approach. 

Chapter 17 is titled “Integration of Field Investigation and Geoinformatics 
for Urban Environmental Quality Appraisal of Bankura Town, West Bengal, India”. 
This chapter endeavor thus attempts to look into all the parameters required for a 
sustainable Bankura town and assess the environmental quality to address policy 
initiatives.



viii Preface

Chapter 18 is titled “Urban Heat Island Under the Background of Urbanization: 
A Case Study in Nan Jing City, China”. The authors attempt to look into all the 
parameters required for a sustainable Bankura town and assess the environmental 
quality to address policy initiatives. 

Chapter 19 is titled “Optimization of Ecological Environment Sensor Network 
Sites with Multiple Monitoring Targets”. In this chapter, the authors elaborated 
on a sampling optimization methodology for multi-objective factors. In addition to 
considering spatial coverage, they also consider the need for information redundancy 
and economic efficiency. They planned a two-stage site design and layout plan. The 
goal of the first phase is to show the spatial relationship between precipitation, land 
surface temperature, soil moisture, and environmental covariates and to obtain their 
spatial trends. The goal of the second phase is to reflect the relationship between 
precipitation, surface temperature, soil moisture, and other constraints. 

Chapter 20 is titled “The Influence of Large Scales of Reservoir Construction 
in the Upper Yangtze River Basin on Regional Precipitation”. The study work 
provides a first reference for understanding the relationship between regional reser-
voir planning and precipitation changes. Therefore, this chapter focuses on revealing 
the total and local impact of the existing reservoirs on precipitation change in the 
UYRB using multi-source precipitation data for the first time. To accomplish this, 
the suitability of satellite precipitation products on each sub-basin and time scales of 
day, month, and year was assessed in order to use them to find and analyze temporal 
and spatial changes in precipitation and extreme precipitation in the UYRB. 

Chapter 21 is titled “Impact of Climate Changes and Landuse/Land Cover 
Changes on Water Resources in Malaysia”. This chapter presents a comprehensive 
review on climate and anthropogenic activities to incorporate the major findings of 
the previous studies to help policymakers identify specific basins that need to be 
improved and prioritized. The review highlights the most recent trends and poten-
tial impacts of land use change, climate change, and combined land use and climate 
change impacts on water quantity and quality in various parts of Malaysia and identi-
fies the major sources of water resource degradation. The authors suggest mitigation 
and adaptation strategies for managing water resources, i.e. sources in Malaysia 
based on the conducted review. 

Chapter 22 is titled “Impact of Land Use—Land Cover and Socio-economic 
Changes on Groundwater Availability: A Case Study of Barrackpore-II Block, West 
Bengal, India”. This chapter is intended to find out the extent of groundwater scarcity, 
identify the change in LULC and hotspots of water, and access the water insufficiency 
and awareness of rooftop RWH (RRWH) by rural households. 

Chapter 23 is titled “Unplanned Urban Sprawl Impact on Cultivable Soil Degra-
dation”. It aims to determine the extent of cultivatable soil degradation caused by 
changing the type of soil use from agricultural to urban (slums). The Normalized 
Difference Building Index (NDBI) and the Built-up Index (UI) are used to assess the 
decline of cultivable soils as soil use changes. 

Chapter 24 is titled “Variability Analysis of Local Climate Change and Its Associ-
ation with Urbanization in the Beijing-Tianjin-Hebei Region, China”. In this chapter, 
the authors selected four contiguous cities in China’s Beijing-Tianjin-Hebei region
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as the study area. The meteorological, socio-economic, and LUCC data are synthet-
ically used to explore the correlation and variability between urbanization and local 
climate change. The authors constructed urbanization indicators based on popula-
tion size, population density, GDP, built-up area, and socio-economic data. Several 
data analysis methods, including Pearson’s moment correlation, Spearman’s rank 
correlation, and EOF were selected to achieve the goals. 

Chapter 25 is titled “Spatial-Environmental Assessment of the Transport System 
in the Northern Emirates, UAE: Toward Policies and Practices”. The chapter exam-
ines the relationship between economic growth, environmental degradation, and 
infrastructure development in the UAE. The authors bring into focus the develop-
ment of the transport system in the northern emirates, an emerging economic region 
in the UAE, and the effects this has had on environmental degradation. The authors 
assess and devise a variety of proposed policies and practices that curb the inevitable 
environmental degradation associated with the development of the transport system. 

Chapter 26 is titled “Influence of Cryogenic Processes and Phenomena 
on Minimum Runoff in Russia”. The main purpose of this chapter is to assess the 
cumulative impact on the groundwater recharge of Russian rivers, including those 
located in the Asian part of the country, of many cryogenic phenomena and processes 
occurring in riverbeds, catchments, swamps, wetlands, soils, and fissured and loose 
rocks. The chapter presents the authors’ reflections on the evolution of stable and 
unstable structures in «water flow-ice-channel sediments» system (in annual and 
multiyear cycles) as air temperature decreases. Also, according to the authors, it lists 
the main problems arising in the assessment of minimum runoff and groundwater 
recharge of rivers under climate change. 

Chapter 27 is titled “Forest Successional Change and Its Effect on Plant Species 
Diversity: A Case Study for Euxine Forests, NE Turkey”. The chapter focuses on 
four main objectives. They are (1) to determine the variation of plant species diversity 
in the stages of forest succession; (2) to evaluate how the succession stages in tree, 
shrub, and herbaceous layers affect plant species replacement; (3) to determine the 
distribution of abundance according to the seral stages of succession; and (4) to 
explore the distribution of endemic and rare taxa in the succession stages. 

Chapter 28 is titled “Desertification in China: Role of Natural Succession 
in the Sustainable Revegetation of Drylands”. This chapter reviews relevant studies 
that identify the factors leading to successful and long-term sustainable revegetation 
of degraded semi-arid and arid drylands. The authors compare ecological methods 
of revegetation, focusing on the process of natural succession and its implementation 
in China’s drylands during the last 15 years. Furthermore, the authors discuss the 
actual value of large-scale restoration with sustainable vegetation for the agronomy 
and reversal of desertification trends and as a potential tool to directly mitigate climate 
warming and aridity on a local, regional, and maybe even country level. 

Chapter 29 is titled “Estimation of Satellite-Based Regional-Scale Evapotranspi-
ration for Agriculture Water Management Using Penman-Monteith Method”. In this 
chapter, the authors estimate the monthly reference evapotranspiration (ET0) based 
on the FAO Penman-Monteith method using the Landsat-7 ETM+ and Landsat-8 
OLI seasonal data of 2014, 2015, and 2016 over the Dwarakeswar-Gandheswari
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river basin. The model input parameters are emissivity, land surface temperature 
(LST), net radiation, soil heat flux (G), air temperature, actual and saturation vapor 
pressure, and wind speed. Correlation analyses have been performed of ET and 
field-based soil moisture data in the proposed command area. Additionally, results 
are validated by using MODIS LST for estimated LST and MODIS ET for esti-
mated ET. Moreover, the assessment of regional-scale-based evapotranspiration is a 
challenge to the agricultural and hydrological frame. This analysis demonstrates the 
potential applicability of this methodology. 

Special thanks are due to all the authors who contributed to this volume. Without 
their efforts and patience, it would not have been possible to produce this unique 
volume on Environmental Degradation in Asia. Also, thanks should be extended to 
include the Springer team, particularly the publishing editor: Alexis Vizcaino, who 
largely supported the authors and editors during the production of this volume. 

Erbil, Kurdistan Region, Iraq 
Zakho, Kurdistan Region, Iraq 
Zagazig, Egypt 
April 2022 

Ayad M. Fadhil Al-Quraishi 
Yaseen T. Mustafa 

Abdelazim M. Negm
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Satabdi Biswas, Satiprasad Sahoo, and Anupam Debsarkar 

Abstract Limited access to safe water is a growing crisis for rural areas. Various 
socio-economic activities are responsible for changing land use and land cover 
(LULC) and hotspots for water. The present study has been undertaken to unveil the 
crisis of groundwater scarcity and seek a way out through mixed methods, including 
recent changes to LULC (2010–2020) and a socio-economic survey carried out for 
211 rural households in Barrackpore II block, West Bengal, India. The amalgamation 
of GIS and statistical techniques showed a drastic increase in the built-up area at the 
cost of water bodies and vegetation. The LULC study showed the maximum share of 
the land (73.79%) used for built-up purposes, with the share of existing water bodies 
being only 4.63%. The study was focused on how water scarcity got influenced by 
some socio-economic variables of the households. A binary logistic regression of the 
water scarcity index (WSI) was carried out to explain the level of awareness of rooftop 
rainwater harvesting (RRWH). The result confirmed 85.4% of the predictability of 
WSI. Anthropogenic activities are mostly responsible for climate degradation which 
ultimately has led to environmental degradation and contamination of precious water 
resources. Finally, the study emphasized regular monitoring of the present trend of 
diminishing water bodies and other green areas and the relevance of the adoption 
of urgent planning for RRWH as a safe sustainable water management practice for 
areas with contaminated groundwater. 

Keyword LULC change · Rainwater harvesting · GIS · Binary logistic 
regression · Socio-economic study
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1 Introduction 

Water is one of the key resources safeguarding food security and the ecosystem. 
It underpins economic and human productivity. Many underlying human-induced 
factors related to water make the local environment more complex [1]. Major water 
demand is met from groundwater, including different irrigation systems of deep tube 
well (DTW), shallow tube well (STW), aquaculture, urbanization, industrialization, 
drinking, and domestic water. Even the surface water supply is also based on pumped 
groundwater [2]. India has been struggling to manage its water resources effectively. 
Depleting the water table coupled with the instability of access to clean water, food 
security, and health ultimately led to social and political unrest [3]. 

Easy access to groundwater, cheaper boring cost, availability of loans from a bank, 
subsidized electricity and compelling to need boost ‘Boro cultivation’ (winter rice) 
along with other crops are responsible for unethical major share drafting of ground-
water common in West Bengal [4]. High drafting causes the gradual appearance of 
arsenic on the surface as shallow aquifer (20–80 m bgl) is affected by the geological 
source of arsenic and high level of iron contamination [5]. 

The arsenic contamination in drinking water has gradually become a worldwide 
overuse over the last four decades [6, 7]. However, from 2004 villages had experi-
enced a huge growth of STW coming up with the National Policy of Arsenic Mitiga-
tion (NPAM) [4]. The arsenic toxicity covers 34,000 km2 with 42.4 million people 
at risk in 37 blocks of West Bengal. The highly affected nine districts are North 
24 Parganas, South 24 Parganas, Malda, Murshidabad, Nadia, Kolkata, Howrah, 
Hoogly, and Bardhaman. Surprisingly, most blocks are situated on the eastern side 
of the river Bhagirathi [8]. Nearly 98% of water samples of public tube wells of the 
state were reported to have an arsenic concentration above 0.01 mg/l. Even in some 
cases, it was noticed as high as 0.135 mg/l [9]. 

In the district of North 24 Parganas, the level of arsenic was reported in the range 
of 0.06–2.28 mg/l, causing the suffering of 21,96,158 populations in 2699 affected 
habitats, which is the worst situation in the state [10, 11]. The rural habitations of the 
district mostly depend on groundwater with only 4.9% being catered by surface water 
systems and alternative sources. Thus, groundwater is the only significant source for 
the piped water supply schemes (PWSS). Out of groundwater-based PWSS, 64% 
are covered by different small-scale PWSS, each covering nearly 10 habitations. 
However, this groundwater-based scheme is typically fitted with a bore well and 
pumps, supplying water to households after disinfection through chlorination [5]. 
More precisely, 53.4% arsenic contaminated tube wells were found in the North 24 
Parganas among which 3.4% had above the level of 300 μg/l. Consuming arsenic-
contaminated water over a prolonged period in the form of cooking, drinking, and irri-
gation, the poison of arsenic has entered the food chain [5]. It is worth mentioning that 
the BIS level for arsenic is 0.01 mg/l since 2003 [12]. The severity of arsenic calamity 
causes many health-related sufferings such as skin lesions, diarrhoea, gastrointestinal 
problems, anemia, renal defect, neurological defects, etc. Arsenic also causes oxida-
tive damage and alters the regulation of DNA repair [7, 8]. The level of urbanization
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of the district remained high at 57.6% compared to state and the national average of 
31.89 and 31.16%, respectively (Census of India 2011). 

Under such circumstances, arsenic contamination puts a huge burden on rural 
households. It happens in three ways: unpopular Government programs, lack of 
proper institutional efforts, and ignorance about the socioeconomic and cultural 
background. To unfold in brief, most government policies are by and large asso-
ciated with the dependency on a single source, i.e. groundwater for all uses, even 
for real estate development business, especially in adjoining areas of Kolkata [4]. 
Arsenicosis is aggravated by malnutrition, poor socioeconomic status, illiteracy, food 
habit, and regular consumption of contaminated water [5]. The poor socio-economic 
condition has become a threat for nearly 20% of the state population affected by 
arsenic contamination [7]. In the technological park at Baruipur, West Bengal, most 
of the arsenic removal plants were found inoperative because of a lack of awareness 
of arsenic-related hazards among the affected population, poor sense of belonging, 
and willingness, user-unfriendliness, etc. [5]. 

The lack of participation of the highly affected and marginal community in the 
government’s water policy decision-making platform was another reason behind the 
failure [5, 6]. There are several underlying socio-economic and anthropogenic factors 
such as poverty, population growth, unawareness of water resources, unscientific 
and primitive method of groundwater withdrawals, etc. All play a significant role in 
aggravating water scarcity [11]. 

To date, the government is yet to provide enough technical support to encounter 
arsenic calamity in a cost-effective and user-friendly way, while presently available 
and widely used arsenic mitigation filter systems further damage soil, surface water, 
and the local ecosystem due to unplanned open disposal [8]. It is necessary to change 
the present behavior of water use and tap new sources like Rainwater harvesting 
(RWH) to avoid deadly diseases [8]. However, RWH has been widely practiced 
in dry areas of Bankura, Birbhum, Darjeeling, Jalpaiguri, and Purulia by different 
agencies. Artificial recharge plants were developed in some of the arsenic-affected 
areas like Swarupnagar and Gaighata Blocks, North 24-Parganas, West Bengal [13]. 
RWH plays a vital role in combatting water scarcity by individuals or governments 
at a reasonable cost [14]. 

There have been several studies on analyzing the land use and landcover (LULC) 
to select a suitable site of RWH [15–17]. No such research has so far been made 
to combine LULC with the socio-economic aspect. The present study attempts to 
provide a mixed approach to assess the extent of water scarcity and the feasibility of 
RWH to overcome the adverse effects of declining groundwater levels. Incorporating 
the recent (2010–2020) LULC change, we identify the water hotspot, and finally, 
water scarcity is judged by rural households, which was so far unnoticed, especially 
in the semi-critical block like Barrackpore II, North 24 Parganas District of West 
Bengal. Heavy drafting of groundwater by rampant use of shallow, medium capacity, 
and deep tube wells are very common in the study area to support winter paddy and 
other crops as well as industrial and domestic purposes. This indiscriminate over-
drafting of groundwater is one of the main causes of land degradation, water pollution, 
and associated environmental problems. A gradual decline of groundwater table with
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increasing arsenic-iron contamination caused by various anthropogenic activities is 
influencing all dimensions of the environment. It is necessary to adopt adequate 
measures to combat groundwater-related land degradation for the sustainability of 
the environment. Thus, the present paper helps formulate a potential action plan for 
augmenting groundwater by the local authority to extract the maximum benefit of 
RWH. Thus, the objectives of this study can be summarized as: 

1. To find out the extent of groundwater scarcity, 
2. To identify the change of LULC and hotspots of water, 
3. To access the water insufficiency and awareness of rooftop RWH (RRWH) by 

rural households. 

2 Study Area 

The present study area is Barrackpore II, North 24 Parganas, West Bengal, India (see 
Fig. 1). Topographically, this block is a part of the Gangetic delta having an average 
elevation of 25 m. Geologically it has an alternate layer of sand, silt, dark gray clay 
of middle and upper Holocene age (http://wbwridd.gov.in/). Having deltaic plain 
with silt types of fertile soil, agriculture is done involving a huge number of DTW 
and STW mainly for Boro (winter paddy) cultivation. Most of the agricultural lands 
are used for multi-crop cultivation throughout the year. The clay surface gets poorly 
drained, thus, facing a flood in every rainy season. The average rainfall is more than 
1600 mm, mostly happening during the rainy season.

The questionnaire survey was based on 11 selected villages like Chhota Kanthalia, 
Bara Kanthaliya, Surjyapur, Iswaripur, Dopere, Bilkanda I, Bilkanda II, Patulia, 
Sewli, Mohanpur, and Bandipur that covered 7.56% of total households as per the 
2011 census (see Table 1). However, the total villages of the block are 15, having 
51,874 rural populations with the highest decadal growth rate of 36.73%.

The surveyed area has a historical background that after partition with Bangladesh, 
many refugees settled here. The proximity of Kolkata and the river Hooghly influ-
enced the urbanization process. Simultaneously, industries like jute, petrochemical, 
electronics, iron and steel factories, food processing, and information sector have 
pulled a large section of the rural people of the adjacent blocks. However, at present, 
though many industries are closed, better amenities attract people from rural areas 
[18]. Gradually, the agricultural landscape started changing in 2004 mainly in two 
ways. Firstly, with rapid mushrooming of small-scale dye, textile, glycerine facto-
ries abstracting excessive groundwater and secondly, due to disposal of untreated 
industrial waste degrading the agricultural land, surface water bodies, and shallow 
aquifer [4]. These industries made huge shifts in labor from agriculture. Our study 
area is facing quantitative and qualitative water scarcity, which puts underprivileged 
rural households in a critical situation.

http://wbwridd.gov.in/
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Table 1 Details of the study area: Barrackpore II block 

Stage of 
groundwater 
development 

Surveyed 
village 

Surveyed 
households 

% Samples with 
Arsenic > 10 ppb 

Average 
rainfall 
in mm 

Average 
rainy 
days in 
monsoon 

Driest 
month 
with 
rainfall 

Wettest 
month 
with 
rainfall 

Semi-critical 11 211(22.9%) 0.32 1570 81 December, 
3 mm  

August, 
306 mm 

Source SWID 2018, Census of India 2011 part XIIA, PHED 2018, Primary data 2019

3 Material and Methodology 

The methodology consists of three parts viz., data collection, data analysis, and 
assessment of the significance of RRWH through statistical analysis represented in 
Fig. 2. 

3.1 Data Collection 

Satellite images from Landsat 7 ETM+ (Enhanced Thematic Mapper Plus) and Amer-
ican Earth Observation Satellite Landsat 8 OLI/TIRS (Operational Land Imager

Fig. 2 Graphical representation of methodology 
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Table 2 Details of satellite data 

Satellite 
data 

Path/row Time Spatial 
resolution 
(m) 

Map 
projection 

UTM 
zone 

Datum No. of 
bands 

Landsat 7 
ETM+ 

138/44 2010/01/29 30 UTM 45° N WGS84 8 

Landsat 8 
OLI/TIRS 

138/44 2020/01/01 30 UTM 45° N WGS84 11 

(OLI) and Thermal Infrared Sensor (TIRS) were used for preparing LULC. The Terra-
climatic metadata having monthly 0.5° × 0.5° grid-wise resolution was collected 
from (https://climate.northwestknowledge.net) to develop a water deficit map. Forty-
five years of historical rainfall data (1971–2015) were collected from IMD (Pune). 
To enquire about the key information of water scarcity and awareness of water, 
a questionnaire survey was carried out in the rural areas of Barrackpore II block 
through personal interviews of 211 households during 2018–2019. The question-
naire consisted of three sections: (1) socio-economic characteristics including income 
of the household, (2) household’s perceptions on the water scarcity (3) household 
awareness about RRWH. 

3.2 Methodology of LULC 

The LULC was developed in remote sensing (RS) and geographical information 
system (GIS) platform to predict the changes during 2010–2020 in the study area 
(Table 2). The field visit was done to verify the latitude and longitude of specific 
LULC categories by taking an average of 10° latitude and longitude points. Cross-
checking was made based on the pixel color tone of the Landsat image using GIS. 
Layer stacking and haze reduction were done to improve the quality of satellite 
images for LULC using ERDAS Imagine and Arc GIS software. The LULC changes 
were analyzed with the ‘K-means Clustering unsupervised classification method’. 
The Google Earth Images were used for selecting and validating the LULC classes. 
The key categories of the LULC were agricultural land, built-up area, fallow land, 
vegetation, and water bodies. Among water bodies, we considered a wetland, ponds, 
other surface water bodies (locally known bills or jhils), etc. 

3.3 Calculation of Index with Statistical Analysis 

The water scarcity index was calculated based on the responses of the rural house-
holds. However, the responses were perception-based judgments made from socio-
economic aspects. For this index, we considered a set of 5 questions. However,

https://climate.northwestknowledge.net
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the response of each question was converted to an indicator of the index with two 
values ‘0’and ‘1’. ‘1’ was given as the positive contributor of the index and ‘0’ was 
taken otherwise. The index was obtained by adding the binary values to the related 
questions, namely the ‘water scarcity index’ (WSI). Thus, each household had five 
answers. Suppose the answers to these questions were 0, 0, 1, 1, 1, then we took some 
of the values of a particular household, and the sum was 3. So, we had a number 
between 0 to 5 for each household. We took two values as a cut-off value and then 
considered each household having the sum of the answers to these five questions. 
Then less than or equal to ‘2’ was given ‘0’ and the households having the sum of 
more than 2 were given ‘1’. All five variables showed significant dependency within 
the index by bivariate tables. All the independent variables were strongly associ-
ated with dependent variables in the chi-square test (χ2). In the second stage, we 
considered logistic regression to assess the combined effect of some socio-economic 
variables on the ‘water scarcity index’ (WSI). The questionnaire was coded with the 
help of SPSS software. 

4 Results 

4.1 Assessment of Rainwater and Groundwater 

The average rainfall of 45 years for the study area was 1719.91 mm. The average 
monsoon and post-monsoon rainfalls were 1289.01 mm and 205.62 mm, respectively. 
The range of monsoon rainfall varied from 921.03 to 1772.14 mm. It indicates a 
greater scope of natural recharge when soil and other factors are favorable. The 
results showed huge potentialities for RRWH. The study area was categorized as 
‘semi-critical’ based on the stage of groundwater development and it already has 
97.99% development (Table 3). Net groundwater available for future uses showed a 
negative value (−12,744.99 ham), which implies the urgent necessity for artificial 
recharge and stringent restrictions over further drafting. However, according to the 
Central Ground Water Board (2017), more than 70% to equal or more than 100% 
drafting of groundwater was categorized as ‘semi-critical. The aquifer is very near 
to the surface and thus, a lion’s share of groundwater was extracted from the shallow 
aquifer for all purposes very easily.

The quality of the water is intricately associated with the drafting of groundwater. 
The falling water level trend was found in both the wells with an average of 0.351 and 
0.616 m/years from 2007 to 2017. Barrackpore-II block is one of the highly urbanized 
blocks of North 24 Parganas. It has the highest negative growth (−25.42%) during 
1991–2001 due to the formation of new municipalities (Development and Planning 
Department 2010). The decadal variation of the population for the block was 58,344 
as per the present census. Due to intensive urbanization, the population density and 
water demand are expected to reach respective values of 9976.14 person/km2 and
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Table 4 Percentage of 
change in the LULC 

Barrackpore-II (%) 

Year 2010 2020 

Agricultural land 2.00 1.89 

Built-up area 72.1 73.79 

Fallow land 1.87 1.47 

Vegetation 18.5 18.22 

Water bodies 5.53 4.63 

2233 m3/day by the year 2031. The water demand of urban North 24 Parganas is 
expected to be 111.48 MLD (million liters per day) in 2021 [10]. 

4.2 LULC Change 

In our study, rural settlement and impermeable surfaces, including roads, were cate-
gorized as ‘built-up area’ while bare land, seasonal bare land, and brick kiln came 
under ‘fallow land’. Another LULC class was ‘vegetation’, consisting of open fields, 
grass, forest patch, roadside trees, shrub, scattered trees, kitchen gardens, etc. Areas 
coming under the river, pond, bills, wetland, and other surface water bodies were clas-
sified as ‘water bodies’ and agricultural land. These are the five categories of LULC. 
The percentage of LULC changes is presented in Table 4. As appears in Fig. 3, the  
major land use for the study area in 2010 was built-up areas (72.1%) followed by 
vegetation, water bodies, agricultural land, and fallow land, and the same trend will 
be observed in 2020.

The built-up area has increased from 72.1 to 73.79%, i.e. by 1.69% over a span of 
10 years’. However, in this block, the percentage share of water bodies, vegetation, 
agricultural land, and fallow land was reduced marginally to the extent of 0.9%, 
0.28%, 0.11%, and 1.05%, respectively, over the decade (2010–2020). 

4.3 Identification of Hotspot 

The water deficit zoning map was developed to identify hotspot zones of water 
(see Fig. 4). The terra-climatic data included temperature, precipitation, evaporation, 
vapor pressure, runoff, soil moisture, etc. The water balance model was calculated 
based on the Thornthwaite-Mather climatic method. As the Barrckpore II block has 
already been highly urbanized with the less rural area, more than 50% area was under 
high (45.83–46.14 mm) to very high (46.14–46.64 mm) water deficit, mostly in the 
east to the south-eastern part of the block. On the contrary very small area was found 
under low (45.30–45.59 mm) to very low (45.01–45.30 mm) water deficit categories, 
scattered mostly over the north and western parts of the block.
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Fig. 3 LULC of Barrackpore-II from 2010 to 2020

4.4 Socio-economic Assessments of Water Scarcity 
and RRWH 

4.4.1 Socio-economic Characteristics of the Households 

Water is tied in a complex relationship with the socio-economy and surrounding 
environment [1]. In the present study, we tried to unfold the water scarcity situation 
faced by rural households in their daily lives. They were found to be well aware of 
RRWH to combat the situation. 

(a) General Information about the Households 

Among the respondents, males and females were 51.2% and 48.8%, respectively. 
Each household had an average of 4 members (73.5%). Among the households, 
18.0% were engaged in agricultural activity. Almost 47% of the household’s monthly 
income was Rs. 10,000. Most of the respondents had attained class X level education 
(51.7%) and 31.3% of families had at least one educated member in the family. About 
27.5% had more than Rs. 10,001 monthly incomes. The rural household used to fetch 
water from groundwater-based shallow hand tubes as the principal source of water. 

(b) Perception of Households about Water Scarcity 

As judged by households in the water scarcity index, we found that 52.6% of house-
holds complained about acute water shortage in summer. When asked about drinking 
water sources, 89.1% admitted their dependency on PHE/own shallow tube well
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Fig. 4 Water deficit map of Barrackpore-II, 2019

water. Regarding the taste of water, 75.4% of households expressed their water as 
having ‘good taste’. According to the households, sweet water meant ‘good’ and 
salty or odorous water ‘not good’. Almost cent percent of households expressed a 
dislike for water due to its reddish color. The first shallow aquifer of the study block 
was contaminated with arsenic and iron, having 7.14 ppb and 1.01 ppm, respec-
tively [19]. Thus, rural households suffered a lot from the single dependency on the 
groundwater. 

(c) Water-related Diseases 

During the field survey, the percentage of households frequently suffering from water-
borne diseases, i.e. dysentery, diarrhea, jaundice, typhoid, was 66.4%. All these five 
variables were included in WSI. A significant portion of the households (70.1%) had 
frequently been suffering from combined water and vector-related diseases. Near 
about 6.6% of the households were suffering from skin lesions, whereas 10.4% were 
suffering from constipation which implied the quality of supplied water was a matter 
of concern. The share of pucca houses and land around the household for constructing



Impact of Land Use—Land Cover and Socio-economic Changes … 497

a water reservoir was found 93.8% and 86.7%, respectively. However, 24.2% of the 
households already had their water tank. 

4.4.2 Binary Logistic Regression Analysis 

The present study intended to find out whether rural households were aware of RRWH 
as an alternative way of countering groundwater scarcity. The logistic regression was 
carried out by taking the log-odd ratio of WSI on nine independent socio-economic 
variables (See Table 5). WSI was taken as a dependent variable (y) given values ‘0’ 
for low water scarcity and ‘1’, for acute water scarcity. Each of the nine variables 
was taken as binary with ‘0’ for low and ‘1’ for high. 

Data were analyzed with binary logistic regression to assess the extent of water 
scarcity and awareness of RRWH as judged by the households. 

In logistic regression, six variables i.e. ‘male member’, ‘female member’, ‘large 
roof area’, ‘gastrointestinal problem’, ‘willingness to direct use of RRWH water’ and 
‘other known families to use rainwater’ were found to have a statistically significant 
effect on WSI. The suffering from the gastrointestinal problem, other known families 
to use rainwater had a positive effect on WSI while roof area and willingness to direct 
use of RRWH had a negative effect. The reason behind this can be explained that 
having more male and female members in the family implied a large family size, 
which further implied increased water demand. We also tried to find out whether

Table 5 Result of Logistic Regression of water scarcity index (WSI) on the Related Independent 
Variables 

B S.E Sig Exp (B) 

Male member 2.343 0.472 0.000*** 10.418 

Female member 2.060 0.463 0.000*** 7.848 

Roof area −1.064 0.442 0.016** 0.345 

Known iron −0.042 0.619 0.946 0.959 

Known arsenic −0.855 0.875 0.329 0.425 

Gastro-intestinal problem 1.325 0.478 0.006** 3.762 

Collect rain −0.580 0.671 0.387 0.560 

Willingness to direct use of RRWH water −1.049 0.559 0.060* 0.350 

Other known families using rainwater 2.294 0.797 0.004** 9.910 

−2 Log likelihood = 167.919, percentage of correct 85.8%, 
Dependent Variable (Y) = ‘Water Scarcity Index (WSI)’, 
*: Significant at 10%, **: Significant at 5% & ***: Significant at 1%. 
Male member: up to 2 = 0, 3 and more = 1, Female member: up to 2 = 0, 3 and more = 1, Roof 
area: large = 0, small = 1, Known iron: Yes = 1, No = 0, Known Arsenic: Yes = 1, No = 0, 
Gastro-intestinal problem: Yes = 1, No = 0, Collect rain: Yes = 1, No = 0, Willing to direct use; 
Yes = 1, No = 0, Know other families use rainwater: Yes = 1, No = 0. 
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the water requirement of male and female members was significantly different, and 
consequently, they were considered separately. 

The more male and female members in a family were found to be 26.5 and 25.1% 
of households respectively. More than 57% of households had been suffering from 
gastrointestinal problems which implied poor water quality. Thus, 15.2% of sizable 
households were found to buy water as they felt private packaged bottled water was a 
reliable source of drinking water. In comparison, only 8.5% of households preferred 
to treat drinking water by domestic water filter or boiling. This private packaged 
water might be one possible reason for positive significance. However, bottled water 
did not maintain the standard of the BIS level. Only 8.1% of households were aware 
of the fact that their neighbors used to collect rainwater for domestic purposes in 
the rainy season. Whereas only 38.4% of households had a large roof (more than 
400 m2). Nearly 22% of respondents expressed their willingness to use the harvested 
water for drinking purposes in the future, while 62.6% of respondents were found 
conditionally willing i.e. expecting incentives. 

Surprisingly, 27 and 17.5% of respondents were well aware of iron and arsenic 
problems. More than 89% of households used the shallow tube well as drinking 
water without having any alternatives. The Public Health Engineering Department 
(PHED) is the sole authority for the installation and supply of drinking/domestic 
water while the local government (Gram Panchayat) has been responsible for its 
maintenance. DTW and private STW were untreated drinking water sources, and 
the respondents were compelled to consume the same having no alternative. Thus, 
these two variables harmed WSI. However, only 19.9% of households occasionally 
collected rainwater whatever they could collect in their home but none of them used 
it for drinking purposes but mostly for other domestic purposes. 

However, ‘households had large family sizes’, ‘a large roof area’, ‘suffering 
from gastrointestinal problems’ and ‘knowing neighbors collecting rainwater in the 
locality’ had significant influence in the order of at least at 5% level of significance. 
Only willingness to direct use of RRWH had a 10% level of significance. Overall, 
the logistic regression could explain 85.8% of the dependent variable. 

5 Discussion 

The supply of unsafe drinking water in rural North 24 Parganas has a cumulative 
effect on the households and consequently, they face an enormous amount of risk 
related to arsenic toxicity. Sometimes skin lesions due to arsenic contamination are 
mistaken by people as leprosy due to a lack of social awareness. Rural people took it 
as a curse of God and socially boycott the families suffering from arsenicosis [20]. 

Agriculture, infrastructure, and other anthropogenic expansions are primarily 
responsible for the negative impacts of LULC [21]. Thus, groundwater is nearly 
the source of all critical consumption and has made a tremendous adverse impact 
in peri-urban villages of North 24 Parganas [4]. Banerjee and Jatav [4] pointed out 
that institutional negligence and Governmental failure were responsible for water



Impact of Land Use—Land Cover and Socio-economic Changes … 499

insufficiency in many ways. Firstly, infrastructural lacuna, erratic supply, poor oper-
ation and maintenance, unreliable supply of public stand posts were responsible for 
water scarcity. This scarcity is supplemented by rampant private informal tube wells 
and private packaged drinking water. Secondly, private packaged drinking water 
does not maintain the BIS standard. Thirdly, untreated industrial wastes go into low-
lying paddy land or surface watercourses and contaminate them along with shallow 
aquifers. Over time, those lands become fallow and are being sold to the factories. 
Thus, agricultural land and water bodies are converted by powerful industrial lobbies. 
This further aggravates the situation by illegal extraction of groundwater for indus-
tries and ‘Boro cultivation’. Lastly, the policy of real estate development ruins the 
groundwater and natural recharge process. The hydro-geochemistry of groundwater 
is dependent on several factors like soil, lithology of rock, percolations of rainwater, 
climate, the role of microorganisms, topography and the role of human activities, 
etc. [22]. 

Another study [2] identifies the hotspot areas based on LULC change (1990–2017) 
in North 24 Parganas. Their result showed that the western and northwestern parts 
of the district experienced huge urbanization with a 22.59% increase in the built-up 
area due to the development of cities like Rajarhat Newtown-Gopalpur, Barrackpore, 
Barasat, Bidhannagar. However, this transformation was gained from the agriculture 
and vegetation area. But over time, a huge number of brick kilns were identified in the 
surrounding low-lying agricultural land for getting more benefits. Population growth 
was one of the significant factors directly affecting the existing LULC. According 
to [23], it was found that the forest land was degraded or fragmented by the pressure 
population after assessing LULC. Pristine [24] developed a district-wise Spatio-
temporal surface model from 2000 to 2014 to assess the groundwater storage changes 
and stress zones by the GIS platform in West Bengal, India. The result found that 
the negative attitude of humans towards urbanization blocks infiltration and surface 
retention. Banerjee and Jatav [4] found that 20% of households complained about 
the acute water crisis for some reason in the Bodai village under Barrackpore II. 

The findings of the Planning Commission of India (2007) recommended RWH 
as a local solution for providing safe drinking water through ponds with proper 
planning and motivation of local people. But in this district ponds are heavily used 
for pisciculture. Kar and Mukherjee [1] suggested introducing RWH with low-cost 
water treatment technology to ensure water for all including underprivileged rural 
people in the project. However, the cement factory situated in Sujapur, Barrackpore 
II estimated annually 2780 m3 or 20% potential harvested storage capacity by RWH 
[22] but  [4] argued and stated that re-cycling wastewater and RWH were hardly taken 
up in Barrackpore II. However, Das and Angadi [18] suggested that rooftop RWH 
necessary for Barrackpore II. 

Addressing water scarcity calls for integration across different multi-disciplinary 
approaches among all water-related resources, economic and social welfare, and 
sustainability of ecosystems without compromise. Simultaneously, it is necessary to 
overcome the existing wastage of water in agriculture, restore the lack of trust in
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governmental activities, minimize corruption, adopt scientific attitudes with tradi-
tional producers, and promote such technologies to improve society’s quality of life 
[14]. 

Rana and Suryanarayana [17] found socio-economic criteria extremely crucial, 
thus, making the field study necessary to select sites for RWH to avoid land conflict. 
An increase in awareness levels and education helps stop the consumption of arsenic-
contaminated water and introduce RWH [8]. Sarkar [25] found that educated people 
are more aware of water contamination and related health implications. It was also 
mentioned that it was the responsibility of the government to supply safe and suffi-
cient water to people as they have been paying taxes. It was suggested [18, 26] to  
make people aware of the negative impact of the transformation of natural land into 
the built-up area. 

Unlike these studies, the present study found rural households quite educated, had 
enough roof area, pucca house, homestead land, and had their own water tank but 
suffering from water-related health hazards and faced water insufficiency in summer. 
Buying unsafe water puts households in a critical situation. Only 6.2% demanded 
proper training of RRWH. It was found from the survey that the households did 
not know the proper know-how of RRWH. It implied households were not aware 
of RRWH as an alternative water source. But few households occasionally crudely 
collected rainwater. Thus, unconsciously rainwater was being considered as an alter-
native source of safe water. However, 33.2% of households suffered from acute water 
scarcity, which is established by logistic regression. 

This study noticed that the built-up area is the giant feature increasing at the cost 
of vegetation cover, water bodies, fallow land, and agricultural land LULC categories 
from the year 2010 to 2020. Additionally, the steep water demand would be very 
challenging to cater safe water to future generations. However, more than 52% of 
respondents complained about water shortage to lower the water table. In our study, 
the water deficit zoning maps identified the hot spots in the study area where RWH 
needs to be introduced with an artificial recharge structure like an injection well. 

6 Policy Implication and Recommendations 

The need of the hour to have a more effective institutional regulatory work restricts 
the drafting of groundwater and establishes a balance between development and envi-
ronment conservation centering socio-economy. First of all, the government should 
restrict population growth which is the key factor in controlling the negative change 
of land use. Water, particularly the groundwater needs to be managed as a commu-
nity resource by the state under public trust doctrine to achieve food, better standard 
of life, and livelihood security of rural households. Following measures would be 
suggested for considering the magnitude and extent of the water situation.
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• It is necessary to introduce appropriate land use to restrict and penalize illegal 
construction and landfilling. A region-wise micro-level aquifer mapping, arsenic-
iron-based vulnerability maps, and LULC maps should be published in the public 
domain to make people aware of the quantity-quality status of the aquifer and 
drastic changes in land use and to share a periodical update.

• The over-withdrawal of groundwater should be minimized by regulating the use 
of STW and DTW for pumping groundwater for all use.

• The local authority should arrange a water safety plan of RWH to introduce simple 
technical know-how of rooftop RWH by frequent meetings, training, workshop, 
increasing the social awareness program among the affected community for social 
acceptance of scheme and rescue their aquifers for the future generation.

• It is imperative to arrest the decline of groundwater levels in over-exploited areas 
by improved technologies of artificial recharge. The main focus will be to shift 
from the construction of a high-cost arsenic treatment plant to RWH. RWH helps to 
dilute the arsenic-iron concentration of aquifers and plays the role of an alternative 
source of drinking water.

• An increase in the number of parks with water bodies, provision of injection wells 
and rooftop RWH with recharge wells for all built-up areas, and re-excavation of 
the existing wells or ponds may be adopted to avoid valuable land acquisition. 

7 Conclusions 

Significant reduction in water bodies, fallow land, and vegetation cover indicates the 
consequences of an indiscriminate increase in built-up areas over the last decade in 
Barrackpore II block. Inadequate awareness regarding the importance of groundwater 
among the various stakeholders viz. different governmental agencies, policymakers, 
households, etc. is to be duly addressed as a part of water conservation. However, 
the socio-demographic status of rural households plays a significant role in changing 
the LULC, which so far has been neglected repeatedly. Unsafe drinking water has a 
collapsing effect in terms of arsenic toxicity, sometimes even to the extent of social 
exclusion. Arsenic is difficult to be removed overnight but the judicious adoption of 
RRWH as an alternative safe water supply scheme may combat the age-old problem 
of water scarcity. 

Thus, the proposed mixed approach incorporating assessment of LULC change, 
identification of water hotspot zone, evaluation of the statistical significance of water 
scarcity perceived by the rural households, and the implementation of RRWH can 
be considered as a simple yet effective strategy for addressing the issue of combined 
qualitative and quantitative water stress for semi-critical, arsenic-iron contaminated 
areas. This method needs less time and more effective to extract the full advantage of 
RWH. Thus, an attempt was made to identify the root socio-economic factors associ-
ated with groundwater depletion by combining GIS and statistical approaches, which 
would help the local authority combat the water scarcity for other semi-critical blocks 
with identical socio-economic and physical conditions. The introduction of RWH
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should cater safe water to the affected community and also enhance the groundwater 
resource. 
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Regional-Scale Evapotranspiration 
for Agriculture Water Management 
Using Penman–Monteith Method 
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Abstract Evapotranspiration (ET) is one of the important parameters in the hydro-
logical cycle affecting water resource availability. Estimating surface evapotranspira-
tion is essential for water resources evaluation, drought monitoring, crops production 
simulation, and providing guidance for crop water needs in irrigated lands. Refer-
ence evapotranspiration (ET0), is a representation of efficient water management for 
environmental demand. Environmental degradation is crucial for humankind over 
the past few decades. Thus, hydro-environmental management is required for future 
sustainable planning purposes. The present study estimates the monthly reference 
evapotranspiration (ET0) based on the FAO Penman–Monteith method using the 
Landsat 7 ETM + and Landsat 8 OLI seasonal data of 2014, 2015, and 2016 over the 
Dwarakeswar—Gandheswari river basin. Required model input parameters are emis-
sivity, land surface temperature (LST), net radiation, soil heat flux (G), air tempera-
ture, actual & saturation vapor pressure, and wind speed. Correlation analyses have 
been performed of ET and field-based soil moisture data in the proposed command 
area. Finally, results are validated by using MODIS LST for estimated LST and 
MODIS ET for estimated ET. Moreover, assessment of regional-scale based evapo-
transpiration is a challenge to the agricultural and hydrological frame. This analysis 
demonstrates the potential applicability of this methodology.
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1 Introduction 

Estimation of ET is essential to know how much water is required during the growing 
season, to improve crop water management and hydrological applications. ET is the 
process that accounts for a large portion of the hydrological water budget. On the 
land surface, an average of about 60% of the precipitation received is returned to the 
atmosphere through ET. 

Moderate numbers of studies are available for the estimation of ET using remote 
sensing techniques. Calculation of reference crop ET based on Penman evaporation 
equation using available weather data [1]. Tsouni et al. [2] estimated daily ET for all 
the 21 days of the study period using the FAO Penman–Monteith, Carlson-Buffum, 
and Granger method in the Thessaly plain, Greece. Spatiotemporal distribution of ET 
estimation based on SEBAL model in South –Central Nebraska [3]. Simulation of 
ET estimation using empirical methods from groundwater under different soil condi-
tions is available in [4]. Evaluation of ET of an oasis-desert transition zone using 
the Penman–Monteith model in the middle stream of Heihe River, China [5]. Quan-
tification of predicting ET using remote sensing techniques in the mixed vegetation 
surface areas [6]. Ficklin et al. [7] estimate Palmer Drought Severity Index (PDSI) 
using Penman–Monteith PET method for current and future drought projections. 

Li et al. [8] studied the assessment of ecosystem ET dynamics using the Priestley-
Taylor parameter in eastern Inner Mongolia, China. Wang et al. [9] estimated ET 
under multi-scale conditions using “thermal infrared remote sensing and three-
temperature model” in the Zhangye oasis and adjacent Gobi and desert, northwest 
China. Estimation of ET based on the Simplified Surface Energy Balance (SSEBoP) 
model for the spatial distribution of water mapping in the Colorado River Basin [10]. 
Yao et al. [11] reported that the evaporative drought index (EDI) had been used to 
monitor China’s surface dryness conditions based on the ET model and Hargreaves 
equation from JAXA-MODIS Insolation products, GEWEX, NCEP-2, and MODIS 
NDVI data. Groundwater ET estimation is based on empirical equations from irri-
gated cropland areas [9]. ET’s future scenarios use the Hadley Centre Coupled Model 
version 3 data for crop production and water balance framework [12]. The Impact of 
ET formulations for various elevations for various climatic conditions of meteoro-
logical drought assessment [13]. Raoufi and Beighley [14] studied daily global ET 
estimation based on the Penman–Monteith method using land surface temperature 
(LST) for the period 2000–2013. 

The relationship between the surface resistance and remotely sensed stress index 
based on modified Penman–Monteith in the semi-arid region of Tensift Al Haouz 
(Morocco) for optimizing irrigation management is available in [15]. Assessments 
of global and regional scale surface fluxes based on the Penman–Monteith model, 
Priestley-Taylor Jet Propulsion Laboratory model (PTJPL), and the Global Land
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Evaporation Amsterdam Model (GLEAM) is available in [16]. Rozenstein et al. [17] 
studied cotton ET estimation based on eddy covariance, surface renewal, and heat 
pulse using Sentinel-2 satellite imagery in the cotton field near Gedera, in the Shfela 
region in Israel. 

Jahanfar et al. [18] performed refined water budget analysis using a modified FAO 
ET model for Green Roof systems. Fernandes et al. [19] studied the estimation of 
water use efficiency (WUE) from Moderate Resolution Imaging Spectroradiometer 
(MODIS) data in the Cerrado of Minas Gerais State (western part of Minas Gerais). 
Wu et al. [20] identified crop drought index through the Two-Source Energy Balance 
(TSEB) model for monitoring and assessing winter wheat drought disasters. In a 
more recent paper, evapotranspiration estimation based on surface energy balance 
models using satellite data for sustainable agriculture water management [21–26]. 

However, the middle to upper portions of the river basin is high water stress 
areas. A Command area is proposed for agricultural water management in the middle 
portion of the river basin. Moderate-resolution satellite data are used for accurate ET 
estimations for these different years at a regional scale. Moreover, the estimated 
seasonal ET is very needful for regional-scale hydro-environmental (e.g., drought) 
planning and management framework. The proposed methodology is applied to 
Dwarakeswar—Gandheswari river basin, West Bengal, India. 

2 Study Area 

Dwarakeswar River is a major river in the western part of West Bengal in India 
(Fig. 1). The detailed information on the Dwarakeswar- Gandheswari river basin 
is available in [27]. Penman–Monteith is the best method for ET calculation 
compared to other methods [28]. Using satellite data, seasonal ET estimation has 
been performed in the small river basin.

3 Materials and Methods 

Figure 2 presents the methodology adopted in the chapter in more detail in the 
following subsections.

3.1 Data Sources 

Landsat 8 OLI (2014–2016 and Path:139–140, Row: 044) and MODIS 
(MODIS/Terra and MOD16) data were collected from the Earth Explorer, United
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Fig. 1 Location map of the study area

Fig. 2 Overall Methodology
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States Geological Survey (USGS) (http://glovis.usgs.gov/). Weather data are 
collected from the NASA Prediction of Worldwide Energy Resources power.larc. 
nasa.gov site. 

3.2 Methodology 

3.2.1 Image Pre-processing 

The images were collected in different time periods under different solar illumination, 
so the Sun angle correction was necessary. After Sun angle correction, the DN values 
of the images were converted to radiance. 

Estimation of Evapotranspiration (ET) 

An updated equation is recommended by FAO [28] with the FAO-56 Penman– 
Monteith Equation. Simplify the equation by using assumed constant parameters 
for a clipped grass reference crop. It was assumed that the definition for the refer-
ence crop is a hypothetical reference crop with a crop height of 0.12 m, a fixed surface 
resistance of, 70sm−1 and an albedo value of 0.23 [29]. 

The new equation is: 

ET0 = 
0.408∆(Rn − G) + γ 900 

T +273 u2(es − ea)
∆ + γ (1 + 0.34u2) 

where ET0 is the reference evapotranspiration (mm day−1); Rn is the net radiation 
(MJ  m−2d−1); G is the soil heat flux (MJ  m−2d−1); T is the mean daily air 
temperature at 2 m height (◦C); u2 is the wind speed at 2 m height (m s−1); es is the 
saturation vapor pressure (kPa); ea is the actual vapor pressure (kPa); ez − ea is the 
saturation vapor pressure deficit (kPa); ∆ is the slope of the vapor pressure curve 
(kPa  ◦ C); γ is the psychrometric constant (kPa  ◦ C). 

4 Results and Discussion 

4.1 Spatiotemporal Variations of Evapotranspiration 

Based on the distribution of ET values in January 2014, 2015, and 2016, ET was very 
high in the higher elevated area of the basin, over Susanna hill, Tilaboni hill, Futiyari 
dam, Saheb Bandh lake and in the Jangalmahal, Beliatore forest area (Fig. 3). The ET 
values are also high in the West Midnapore, Hooghly, Purulia, and Bankura district 
over the study area. ET values are very low in the sandy region and the Burdwan

http://glovis.usgs.gov/
http://power.larc.nasa.gov
http://power.larc.nasa.gov
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district over the area. This value has gradually increased from 2014 to 2016. The 
minimum value of ET was found in the Purulia district and in the sandy region. In 
March, Higher ET value (>120 mm) was found in the Hooghly, West Midnapore, 
Burdwan and western part of the Bankura district over the study area, and as usual 
in the higher elevated area of the basin. The maximum portion of the study area is 
occupied by a medium ET value. In May 2014, the highest ET value was found in the 
Jangalmahal area, a little bit portion of the Hooghly, West Midnapore and Bankura 
district. However, in 2016, some portion of the Purulia is also showing a higher ET 
value. 

In June 2014, the lower part of the river basin showed higher ET values, and in 
the Jangalmagal area, some portions of the Purulia district’s ET values are high. In 
August 2014, the higher ET value was found in the upper part of the river basin, 
which includes the Purulia district over the study area and the Beliatore forest, 
Jangalmahal, Joypur jungle area. In September 2015, ET was very high (>152 mm) in 
the monsoonal flood zone, which includes the western part of Bankura, West Midna-
pore, Burdwan, and Hooghly district over the study area and also in the Susunia hill. 
In October 2014, 2015, 2016, higher ET value was found almost every portion of 
the study area. Susunia hill is showing the highest value as well as the lake, dam,

Fig. 3 Satellite-based ET mapping for Dwarakeswar-Gandheswari river basin 
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and forest areas. ET value was low in the sandy region. The result of ET values for 
October month in these three years does not vary very much. 

Moreover, it could be said that the ET variation in this study area is closely related 
to crop growth (Fig. 4). The Hilly area and the water body like the dam and lake 
always show a high ET value. ET values are always lower in the sandy region and 
the settlement area. 

Fig. 4 Estimation of ET for proposed command area with field-based validation points
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Fig. 5 a Spatial distribution of NDVI & b LST in October 2014 

4.2 Correlation Analysis 

4.2.1 NDVI and LST 

The NDVI has been widely used for determining temporal LST changes. These 
images show that where NDVI values are high, LST values are low due to vegetation 
cover. Thus NDVI and LST represent a strong negative correlation. The water body 
is a special case, where both NDVI and LST values tended to be the lowest value 
(Fig. 5). 

4.2.2 LST and Soil Heat Flux 

The soil heat flux (G) is the energy that is heating the soil. Soil heat flux is positive 
when the soil is warming and negative when the soil is cooling. Thus Soil heat flux 
depends on Surface temperature and represents a positive correlation (Fig. 6).

4.2.3 NDVI and ET 

Evapotranspiration is strongly related to vegetation. It is an essential compo-
nent for assessing vegetation dynamics. Thus NDVI is an important variable for 
evapotranspiration, representing a significant positive relationship with ET (Fig. 7).
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Fig. 6 a Spatial distribution of LST and b Soil heat flux in february 2015

Fig. 7 a Spatial distribution of NDVI and b ET in October 2014 

4.2.4 LST and ET 

Evapotranspiration and LST maintain a negative relationship. Land surfaces with 
larger ET have lower LST. At the same time, air temperature, air humidity, wind 
speed, and solar radiation remain homogeneous over the land surfaces of interest 
(Fig. 8).



642 S. Sahoo et al.

Fig. 8 a Spatial distribution of LST and b ET in October 2014 

4.2.5 Net Radiation (Rn) and ET 

Net radiation is the total energy that is available to influence the climate. The net 
radiation of the surface consists of the direct and diffused radiation and the atmo-
spheric emission absorbed and retained by the surface. Therefore, evapotranspiration 
is strongly dependent on net radiation and represents a positive correlation (Fig. 9). 

Fig. 9 (A) Spatial distribution of Net Radiation and (B) ET in October 2014
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Table 1 Comparison between the estimated and the observed results of LST in 2015 

Minimum LST (°C) Maximum LST (°C) 

Months Estimated 
value 

Observed 
value 

Absolute 
error 

Relative 
error (%) 

Estimated 
value 

Observed 
value 

Absolute 
error 

Relative 
error (%) 

Feb-Mar 24.03 26.75 2.72 11.31918 36.57 37.07 0.5 1.367240 

May-Jun 24.16 27.87 3.71 15.35596 31.21 37.45 6.24 19.99359 

Aug-Oct 25.51 29.29 3.78 14.81771 36.23 36.59 0.36 0.993651 

Table 2 The estimated and the observed results of ET in 2015 

Minimum ET (°C) Maximum ET (°C) 

Month Estimated 
value 

Observed 
value 

Absolute 
error 

Relative 
error 
(%) 

Estimated 
value 

Observed 
value 

Absolute 
error 

Relative 
error 
(%) 

Feb-Mar 100.399 94.2 6.199 6.1743 114.12 106.3 7.82 6.8524 

4.3 Validation 

4.3.1 Validation of Land Surface Temperature with MODIS LST 

To validate the result of LST Table 1 was made to estimate the absolute and relative 
error between observed LST values collected from the C6 MODIS LST product 
(MOD11_L2) and estimated LST values using the above equations. 

For minimum LST values, the maximum and absolute minimum errors are respec-
tively 5.05 °C (relative error 26.5%) and 2 °C (relative error 10.9%). The maximum 
and absolute minimum error for maximum LST values are respectively 4.18 °C (rela-
tive error 14.8%) and 0 °C (relative error 0%). These results indicate that this LST 
estimation method has a small error that may be due to cloud cover, haze, or noise. 

4.3.2 Validation of Evapotranspiration with MODIS ET 

The estimated ET image of February 2015 was compared to the MODIS ET product 
in the same month and year (Table 2). For minimum ET values, the absolute error 
is 6.12 (relative error of 6.17%) and for maximum ET values, the absolute error is 
7.82 (relative error of 6.85%). 

5 Discussion 

The ET estimation is very important for regional scale (e.g. River basin) using 
satellite-derived data. Penman–Monteith method is used for seasonal/monthly ET
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estimation purposes using a GIS environment. All utilized parameters are derived 
through meteorological and satellite data. Four satellite data (SRTM, Landsat ETM 
+ , Landsat OLI, and MODIS) are used for ET calculation. Seven MODIS/Terra 
LST/Emissivity 8-Day L3 Global 1 km SIN Grid products (MOD11_A1) are utilized 
for LST [30]. The MODerate Resolution Imaging Spectrometer (MOD16) global ET 
(MOD16A2) dataset is used for validation purposes [31]. The results show inconsis-
tent comparisons with MOD16 ET. Seasonal time periods (Feb-Mar, May–June, and 
Aug-Oct) are considered for 2014, 2015, and 2016. The limitation of the research 
is that rainy season images could not be used due to high clouds, haze, and noise. 
The collected data used in the model directly affects the accuracy of the ET. The 
model involves many parameters, and errors in each parameter can affect the calcu-
lated results. Further, it is required high spatial resolution satellite data and a denser 
network of meteorological stations to improve the model. Sensitivity analyses are 
needed to level of agreement between input and output errors in the study area. 

6 Conclusions 

This study aims to estimate ET based on Landsat satellite dataset, and the SRTM DEM 
for Dwarakeswar -Gandheswari river basin based on the FAO-56 Penman–Monteith 
method. A comparison of the estimated results of ET with the NDVI indicates a 
good relationship over the study area. ET and NDVI distribution in the study area are 
strongly correlated. Susunia hill, Tilaboni hill, and the lower part of the river basin, 
including Burdwan, Hooghly, West Midnapore, and western parts of Bankura district 
over the study area have higher NDVI, typically have greater ET. Some portions of 
the Purulia district with sparse vegetation coverage normally have very low ET. ET 
values for the forests and vegetated areas, where the distribution of vegetation is 
highly variable, are relatively heterogeneous. ET change in the river basin is closely 
related to crop growth. The maximum monthly ET values in the entire study area 
were observed in irrigated cropland and the mountain areas. During the harvesting 
periods, ET is notably lower than in other months. 

In the summer season, some portions of this area are clearly dependent on the 
irrigation applied. Spatial differences in yield were caused by differences in irrigation 
scheduling, especially during the dry season when the irrigation schedules were 
not able to meet the full crop requirements, the yield was reduced. Overall, the ET 
estimates depend on several factors, including climatic conditions and irrigation from 
a groundwater well, vegetation rate, and cropping pattern in these areas. High ET rates 
from water bodies were an indication of very high evaporative water. Moreover, ET 
results indicate the crop water stress scenarios and the need to differentiate between 
irrigated and non-irrigated areas. The present analysis is helpful for planning a water 
resources project with hydraulic structure(s).
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7 Recommendations 

A few recommendations have been proposed for a sustainable agriculture water 
management framework under changing climatic conditions using remote sensing & 
GIS techniques. 

i. High-resolution satellite data can be used for ET estimation purposes. 
ii. Different hydrological models can be used for long-term evapotranspiration 

estimations purposes. 
iii. Climate data can be correlated with evapotranspiration for drought assessment 

purposes. 
iv. The generated output can be used for future planning of agriculture water 

management purposes. 
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