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Information on our planet’s water resources is essential for both human society 
and ecosystems. The world population is increasing at a rapid pace and the 
demand for water will continue to rise in future. However, the water resources 
are limited and therefore there is a growing need to monitor this resource and 
accumulate information in the technical literature domain that could assist the 
stakeholders towards development of effective water management strategies and 
infrastructures timely. 

In recent decades geospatial techniques have gained considerable interest among 
the earth and hydrological science communities for solving and understanding 
various complex problems and approaches towards water resource development. 
This book is motivated by the desire to solve the problem of increasing scarcity 
of water resources in a cost effective and timely way. After the development of 
sophisticated geospatial technology and the launch of several Earth Observation 
(EO) satellites, it is now possible to monitor water resources regularly, accurately 
and in real time. 

Overtime, geospatial techniques for water resources are becoming increasingly 
important in a much wider range of scientific and engineering disciplines. Looking 
at the importance of the subject, many departments across the world have revised 
their curricula and now have geo-informatics as a core subject along with the others 
like water resources or hydrology. Most introductory courses on geo-informatics 
are focused mostly on theory, so we have covered the practical applications of 
the geospatial techniques in this book, laid on a sound background of hydrology, 
and geospatial and computational intelligence techniques. Therefore, the main aim 
of this book is to provide an understanding of GIS, remote sensing and hybrid 
approaches to students and researchers in order to provide a solid foundation for 
further studies. The second goal is to provide readers with an insight into advanced 
courses such as geo-informatics and the conceptual tools that can be used in this 
field. Finally, a more pervasive goal of the book is to expose all students not only 
to advanced geospatial concepts but also to the intellectually rich foundations of 
the field. 

After reading the literatures, we have found that it is useful to have a coherent 
architecture to motivate readers on how geospatial system works but have also found 
that almost all sets of courses revolve around separate architecture, which is not 
useful for providing a holistic framework and integration of the aspects. Foundations 
of geo-informatics cover subjects that are often split between sophisticated 
mathematical backgrounds and actual applications. Synergy is required between 
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vi Preface

the two to select the mathematical foundations with an eye toward the demand of 
the users.

In order to simplify geospatial technology for most of the students and researchers, 
this book focuses on three working methodologies viz theory, abstraction and 
design as they are fundamental to all research programs. This book identifies 
the key recurring concepts which are fundamental to geospatial technology for 
water resources, especially: conceptual and formal models, efficiency and levels 
of abstraction. Following the working methodologies, processes and concepts, the 
primary aim of this book is to advance the scientific understanding, development 
and application of geospatial technologies to address a variety of issues related to 
water resource development. By linking geospatial techniques with new satellite 
missions for earth and environmental science oriented problems, this book will 
promote the synergistic and multidisciplinary activities among scientists and users 
working in the field of hydrological sciences. Many key topics are covered in the 
book from utilization of GIS, satellite based information to hybrid and artificial 
intelligence techniques for water resources.

This book has put together a collection of the recent developments and rigorous 
applications of the geospatial techniques for water resources. It will serve as the first 
handbook encompassing a spectrum of interests in water resources on a geospatial 
platform. We believe that the book will be read by the people with a common inter-
est in geospatial techniques, remote sensing, sustainable water resource develop-
ment, applications and other diverse backgrounds within earth and environmental 
and hydrological sciences field. This book would be beneficial for academicians, 
scientists, environmentalists, meteorologists, environmental consultants and com-
puting experts working in the area of water resources.

This book is the result of extensive and valuable contributions from interdisci-
plinary experts from all over the world in the field of remote sensing, geospatial 
technologies, coastal science, ecology, environmental science, natural resources 
management, geography and hydrology representing academic, governmental and 
business sectors. The Editors are grateful to all the contributing authors and review-
ers for their time, talent and energies. 

About the Cover
Sophisticated Soil Moisture and Ocean Salinity satellite (Photograph provided by 
European Space Agency) is shown on the cover providing the state of the art soil 
moisture information from space. Other photos on the cover show the geospatial 
information contained by various layers and the land cover for water resources 
applications.
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3

1
Chapter

Introduction to Geospatial 
Technology for Water Resources

Prem Chandra Pandey,1 Prashant K. Srivastava,2, 3, 4, * Pavan 
Kumar,5 Akhilesh Singh Raghubanshi 4 and Dawei Han6

AbstrAct

Increasing demands on water resources to fulfill the growing population needs have 
led to a great pressure on the water resources.  Water resources conservation and 
management needs exemplary information regarding the water bodies with respect 
to quality, quantity and the related driving factors responsible for deterioration 
and depletion of water. Traditional methods existing in literature are limited to the 
point locations and manually gathered input dataset for analysis of the water system. 
However, after the development of advance geospatial technologies, now it is possible 
to build the digital information that can support analysis and interpretation for a large 
area in short span of time. The chapter introduces the various geospatial technologies, 
which are playing a vital and inevitable role in the acquisition of information and 
development of research capabilities towards water resources. These technologies are 
required for determining a strategic plan for execution of desired results as applicable to 
different regions and objectives (for e.g. determination of water-river boundaries, water 
quality and quantity, soil moisture, flood plains, ocean temperature etc). This chapter 
provides different methods/applications to demonstrate the importance of traditional 
and advanced concepts of geospatial technology in water resources. Thus, overall goal 

1	 Centre	 for	 Landscape	 and	 Climate	 Research,	 Department	 of	 Geography,	 University	 of	 Leicester,	
Leicester,	UK.

2	 Hydrological	Sciences,	NASA	Goddard	Space	Flight	Center,	Greenbelt,	Maryland,	USA.
3	 Earth	System	Science	Interdisciplinary	Center,	University	of	Maryland,	Maryland,	USA.
4	 Institute	of	Environmental	and	Sustainable	Development,	Banaras	Hindu	University,	Varanasi,	India.
5	 Department	of	Remote	Sensing,	Banasthali	University,	Newai,	Tonk,	Rajasthan,	India.
6	 Water	 and	 Environmental	 Management	 Research	 Centre,	 Department	 of	 Civil	 Engineering,	
University	of	Bristol,	Bristol,	UK.

*	Corresponding	author:	prashant.just@gmail.com
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4 Geospatial Technology for Water Resource Applications

of this chapter is to provide a summary of different research work carried out in various 
fields of water resources with demonstrated results and findings that could be able to 
use in decision making, developing policy and planning at root level. This chapter also 
provides future challenges in water resources and geospatial technology.

Keywords: Water	 Resources,	 Geospatial	 Technology,	 Traditional	 methods,	
Advance	methods,	Hybrid	Technology,	Challenges.

 IntroductIon

Water	is	an	essential	component	of	natural	resources	available	in	many	forms	such	
as	groundwater,	river,	springs,	lakes,	glaciers	etc.	The	importance	of	water	comes	
from	its	ability	to	keep	us	alive,	carry	nutrients	to	crops	and	plants,	dilute	wastes	
and	toxic-pollutants	and	maintain	the	hydrological	cycle.	Therefore,	water	resources	
management	is	a	significant	issue	for	us	today	in	order	to	reduce	water	scarcity	for	
future	generations.	Nowadays,	because	of	substantial	demographic	and	economic	
changes	there	are	high	fluctuations	in	the	hydrological	regime	that	cause	depletion	
or	 contamination	of	water	 resources.	As	a	 result,	 this	precious	 resource	 is	under	
pressure	and	needs	conservation	management	as	well	as	protection.	

The	 vital	 issue	 of	 understanding	 water	 resources	 through	 geo-informatics	
is	 addressed	 in	 this	 book	 through	 traditional,	 advanced,	 hybrid	 and	 artificial	
intelligence	techniques.	Water	resources	management	is	mainly	used	to	understand	
and	monitor	water	 resources,	while	 geospatial	 techniques	 use	RS,	GIS	 and	GPS	
applications	to	facilitate	this	practice	in	a	timely	fashion.	Therefore,	the	aim	of	this	
book	is	to	present	several	ideas	towards	monitoring	of	water	resources.	Apart	from	
its	role	as	a	life	supporter,	water	also	causes	harmful	hazards	in	the	form	of	flood	
and	drought.	This	book	contains	several	techniques	for	monitoring	and	protection	
of	water	resources	to	hazard	assessment	such	as	frost,	floods	and	droughts.	It	also	
outlines	future	challenges	that	need	attention	for	us	to	cope	up	with	the	management	
of	this	precious	natural	resource.	

This	book	is	divided	into	four	sections	to	cover	the	water	resources	applications	
using	Remote	Sensing,	GIS,	Hybrid	and	Artificial	intelligence	techniques	and	also	
provide	 challenges	which	 need	 to	 be	 addressed	 in	 the	 near	 future.	 Section	 Two	
provides	the	geographical	information	based	application	on	water	resources	such	as	
flood	risk,	nutrients	for	irrigation	of	agricultural	crops,	hydropower	and	watershed	
management.	Chapter	2	provides	the	master	plan	for	the	integrated	water	resources	
management	using	geographical	information	system.	The	principle	concept	of	3R	
i.e.	recharge,	retention	and	reuse	are	presented	in	this	chapter.	This	3R	concept	with	
integrated	GIS	analysis	can	be	used	in	calculating	the	current	and	future	hardships	
for	water	in	catchments.	This	idea	helps	in	identifying	the	potential	opportunities	
for	critical	watershed	and	hardship	zones	and	 implement	watershed	conservation	
activities	for	balancing	ecosystem	services	for	water	and	land	use.	

Chapter	 3	 elucidates	 the	 spatial	 integration	 of	 soil	 and	water	 nutrients	which	
are	 essential	 for	 crop	 growth	 and	 production.	 This	 chapter	 presents	 the	 sodium	
absorption	 ratio	 (SAR)	 with	 different	 nutrients	 including	 nitrogen,	 phosphorus	
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5Introduction to Geospatial Technology for Water Resources

and	potassium	 for	 agricultural	 applications.	The	different	water	 parameters	 (pH,	
organic	carbon	etc)	are	used	in	the	spatial	mapping	of	the	spatial	discrepancies	of	
rice	crop	based	on	cropping	systems	productivity.	Finally,	this	chapter	provides	the	
relational	pattern	 in	 rice	 equivalent	field	 and	nitrate	mapping.	Chapter	4	 focuses	
on	 assessment	of	hydropower	potential	 using	Shuttle	Radar	Topography	Mission	
(SRTM)	 based	 Digital	 Elevation	 Model	 (DEM)	 along	 with	 observed	 discharge.	
Several	 locations	 of	 river	 hydropower	 plants	 are	 identified	 to	 obtain	 the	 results	
in	GIS	environment.	Results	 from	 this	 study	could	be	helpful	 in	making	precise	
decisions	in	favour	of	a	sustainable	hydropower	development	and	finally	alleviate	
the	energy	crisis	being	faced	 today	by	 the	Pakistan.	The	study	also	 indicates	 the	
usefulness	 of	 using	 GIS	 in	 carrying	 out	 spatial	 interpolation	 and	 consequently,	
determination	of	hydropower	potential.	This	chapter	apprehends	the	energy	demand	
due	to	an	increasing	population,	which	is	putting	a	high	pressure	on	the	economic	
growth	and	proved	the	importance	of	renewable	energy	sources	as	a	prerequisite	for	
sustainable	economic	growth.	

Chapter	5	introduces	the	flood	risk	assessment	using	different	techniques	and	also	
provides	the	delineation	and	zonation	of	flood	risk	areas	through	geo-hydrological	
parameters.	 They	 generate	 flood	 risk	 maps	 using	 satellite	 LiDAR,	 hydrological	
data	and	two	dimensional	hydraulic	models.	The	authors	have	presented	different	
techniques	to	estimate	the	flood	in	the	residential	areas.	This	chapter	has	effectively	
produced	the	flood	risk	maps	and	suggested	ideas	to	improve	them	by	taking	into	
account	the	epistemic	uncertainties.	The	risk	and	hazard	maps	generated	in	this	study	
will	help	in	reducing	socio-economic	losses.	In	Chapter	6,	authors	have	used	multi-
temporal	multi-source	images	along	with	secondary	data	sets	such	as	the	inundated	
and	flood	atlas	to	identify	flood	prone	areas.	They	have	delineated	three	flood	zones	
using	the	overlay	of	flood	layers	of	different	magnitude	and	geomorphic	features	in	
the	GIS	environment.	Authors	have	also	attempted	the	categorization	of	areas	into	
alluvial	islands	and	mid-channel	bars,	protected	embankment,	older	floodplain	with	
meander	 scars	 and	 scroll	 bars.	The	 authors	 have	 shown	 the	 increasing	 nature	 of	
hamlet	density	in	relation	to	future	flood	events	in	the	lower	Ghaghara	river	valley.	
Chapter	 7	 provides	 the	 geospatial	 approach	 for	water	 resource	management	 in	 a	
watershed	using	the	merged	ortho-product	of	LISS-IV	and	Cartosat-1D	satellites.	
The	 authors	 build	water	 resource	 development	 plans	 by	 considering	 the	 various	
criteria	themes	such	as	slope,	soil	and	land	use/land	cover.	The	aim	of	the	chapter	
is	 to	provide	a	better	use	of	natural	 resources	by	conserving	both	soil	and	water	
resources.	The	chapter	basically	deals	with	the	developmental	activities	to	provide	
soil	and	water	conservation	measures	by	 reducing	scarcity,	erosions,	agricultural	
development	as	well	as	to	improve	ground	water.

The	third	section	of	the	book	mainly	deals	with	the	satellite	based	applications	in	
water	resources,	where	flood	vulnerable	areas,	frost	risk,	precipitation	monitoring	for	
flood	assessment,	surface	and	ground	water	for	irrigation	purposes	and	sea	surface	
water	height	anomaly	are	presented.	In	this	section,	Chapter	8	deals	with	the	flood	
vulnerability	prediction	using	satellite	and	Amedas	data	derived	products	in	Japan.	
The	case	studies	presented	in	this	chapter	include	the	Shiragawa	watershed,	Japan	
to	predict	the	flood	vulnerable	regions.	The	isohyet	map	prepared	using	rain-gauge	
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6 Geospatial Technology for Water Resource Applications

data	is	interpolated	with	kriging	applications.	Finally,	all	spatial	data	are	overlaid	
to	create	 the	flood-vulnerability	map	by	application	of	 the	GIS	model.	Chapter	9	
deals	with	 the	 estimation	of	 precipitation	 for	flood	monitoring	 and	 its	 validation	
using	the	hourly	GSMaP	(Global	Satellite	Mapping	Precipitation)	satellite	datasets	
with	MVK	(Moving	Vector	with	Kalman	Filter),	NRT	(Near	Real	Time)	data	and	
27	 rain	 gauges	 ground	 based	 reference	 station	 datasets	 (AMEDAS	 -Automated	
Meteorological	 Data	 Acquisition	 System).	 The	 study	 is	 carried	 out	 at	 spatial	
resolution	0.1°	 latitude	×	0.1°	 longitude	 in	Kumamoto	Japan,	often	prone	to	flash	
flood,	for	the	temporal	duration	of	2003	to	2012.	The	main	theme	of	the	chapter	is	to	
define	the	rainfall	pattern	causing	flash	flood	using	statistical	analysis.		Chapter	 10	
presents	an	interesting	topic	related	to	qualitative	assessment	of	surface	and	ground	
water	evaluation	using	remote	sensing,	irrigation	indices	and	statistical	techniques.	
The	chapter	revolves	around	the	main	theme	of	irrigation	and	drinking	suitability	
of	surface	and	groundwater.	To	meet	the	objective,	average	concentration	of	several	
water	parameters	 is	determined	 in	 the	 surface	and	 the	groundwater	 samples	 and	
presented	 using	 geospatial	 techniques.	 Chapter	 11	 discusses	 the	 techniques	 for	
assessment	of	spatial	and	temporal	variation	of	sea	surface	height	anomaly	and	its	
relationship	with	satellite	derived	chlorophyll-a	pigment	concentration.	The	authors	
derived	the	sea	surface	height	anomaly	(SSHA)	data	using	satellite	altimetry	and	
chlorophyll-a	concentration	 from	ocean	colour,	which	are	 subjected	 to	Empirical	
Orthogonal	Function	(EOF)	analysis	to	understand	the	spatio-temporal	variability	
of	 these	parameters	 in	 the	context	of	mesoscale	eddies.	They	suggest	EOF	as	an	
efficient	 method	 of	 delineating	 a	 spatial	 and	 temporal	 signal	 from	 a	 long	 time	
series	data	over	a	large	spatial	domain.	Chapter	12	emphasizes	soil	moisture	deficit	
monitoring	using	the	Soil	Moisture	and	Ocean	Salinity	(SMOS)	Satellite	through	
rainfall-runoff	model.	 Several	 approaches	 for	 estimation	 of	 soil	 moisture	 deficit	
are	 performed	 using	 SMOS	 satellite	 soil	 moisture	 through	 Generalized	 Linear	
Model	 with	 different	 families/link	 functions	 such	 as	 Gaussian/logit,	 Binomial/
identity,	 Gamma/inverse	 and	 Poisson/log.	 The	 overall	 performances	 obtained	
from	all	the	techniques	indicate	that	the	SMOS	is	promising	for	simulation	of	soil	
moisture	deficit.

Section	Four	focuses	on	the	artificial	 intelligence	and	hybrid	models	for	water	
resource	 for	 flood	 regionalization,	 soil	moisture	monitoring,	 sea	 level	 prediction	
and	spatio-temporal	uncertainty	model	for	rainfall	predictions.	Chapter	13	reveals	
the	techniques	to	measure	frost	risk	and	suggests	techniques	to	avoid	frost	risk	in	
agriculture	using	MODIS	data.	The	authors	present	the	spatio-temporal	distribution	
of	frost	conditions	in	Mediterranean	environments.	They	present	a	model	based	on	
the	main	factors	that	include	environmental	factors	such	as	land	surface	temperature	
and	geomorphology	governing	the	frost	risk.	Several	topographical	parameters	such	
as	altitude,	slope,	steepness,	aspect,	 topographic	curvature	and	extent	of	 the	area	
influenced	by	water	bodies	are	required	in	the	model	to	assess	the	frost	risk.	MODIS	
and	ASTER	polar	orbiting	sensors,	supported	also	by	ancillary	ground	observation	
data	along	with	 land	use	and	vegetation	classification	 (i.e.	 types	and	density)	are	
the	 required	 input	 for	 the	 successful	 determining	of	 the	 frost	 risk	 for	 the	winter	
period	 of	 the	 four	 different	 selected	 years.	 Overall,	 the	 proposed	 methodology	
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7Introduction to Geospatial Technology for Water Resources

proves	 to	 be	 capable	 of	 detecting	 frost	 risk	 in	Mediterranean	 environments	 in	 a	
time	efficient	and	cost	effective	way,	making	 it	a	potentially	very	useful	 tool	 for	
agricultural	management	 and	 planning.	 The	 proposed	model	may	 be	 used	 as	 an	
important	tool	for	frost	mapping,	a	natural	hazard	that	 leads	to	severe	vegetation	
damage	 and	 agricultural	 losses.	 Chapter	 14	 provides	 a	 statistical	 approach	 for	
catchment	calibration	data	in	flood	regionalization.	The	chapter	concluded	that	the	
quantity	and	quality	of	calibration	data	are	two	different	entities	that	could	greatly	
influence	the	developed	hydrological	model.	The	study	has	demonstrated	that	the	
standard	deviation	values	between	the	best	and	poorest	groups	are	distinctive	and	
could	be	used	in	choosing	appropriate	calibration	catchments.	Chapter	15	predicts	
the	Caspian	Sea	level	fluctuations	using	artificial	intelligence	and	satellite	altimetry.	
This	 chapter	 presents	 different	 approaches	 for	 studying	 the	 sea	 level	 anomaly,	
fluctuation	and	analysis.	Accurate	prediction	of	sea	level	is	important	as	it	affects	
the	natural	processes	occurring	in	the	basin	and	influences	the	infrastructure	built	
along	 coastlines.	 Several	 conventional	 linear	 regression	methods	 such	 as	 routine	
Autoregressive	Moving	Average	(ARMA)	models,	neural	network	methodologies	
and	 artificial	 intelligence	 approaches	 and	 techniques	 are	 included	 in	 the	 study.	
Based	on	the	results,	the	authors	support	the	Support	Vector	Machine	as	the	best	
performance	technique	in	predicting	sea	level.	Chapter	16	familiarises	readers	with	
a	 novel	 method	 of	 spatio-temporal	 uncertainty	 model	 based	 on	 the	 distribution	
of	 gauge	 rainfall	 conditioned	 on	 radar	 rainfall	 (GR|RR).	 This	 fully	 formulated	
uncertainty	model	 has	 statistically	quantified	 the	 characteristics	 of	 radar	 rainfall	
errors	and	their	spatial	and	temporal	structure.	Its	spatial	and	temporal	dependencies	
are	simulated	based	on	a	Multivariate	Distributed	Ensemble	Generator	driven	by	the	
copula	and	autoregressive	filter	designed	including	the	different	wind	conditions.	

In	 Chapter	 17	 authors	 investigated	 the	 bistatic	 scattering	 coefficients	 for	 the	
estimation	 of	 soil	 moisture	 over	 rough	 surfaces	 using	 fuzzy	 logic	 and	 bistatic	
scatterometer	 data	 at	 X-band.	 Linear	 regression	 analysis	 is	 carried	 out	 between	
scattering	 coefficients	 and	 soil	 moisture	 to	 find	 the	 suitable	 incidence	 angle	 for	
the	estimation	of	soil	moisture	at	HH	and	VV	co-polarization.	The	last	and	final	
Chapter	18	forms	the	last	section	of	this	book,	which	presented	the	challenges	in	
geospatial	technology	for	water	resources	development.	This	chapter	also	provide	
the	importance	and	value	of	Remote	Sensing	and	Geographical	Information	System	
(GIS)	 in	water	 resources	 and	 pointed	 out	 the	 challenges	 in	 this	 field	 that	 should	
be	addressed	by	researchers,	policy	makers	and	practitioners	in	order	to	view	the	
technology	in	proper	perspective.	Several	challenges	such	as	monitoring	soil,	snow	
and	vegetation;	soil	moisture	estimation;	monitoring	evapotranspiration	and	energy	
fluxes;	uncertainties	in	retrieval	algorithms;	bias	associated	with	instruments;	short	
time	spans	of	satellite	data	etc	are	identified	that	needs	to	be	addressed	in	near	future.
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