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Share	—	copy	and	redistribute	the	material	in	any	medium	or	format	for	any	purpose,	even	commercially.	Adapt	—	remix,	transform,	and	build	upon	the	material	for	any	purpose,	even	commercially.	The	licensor	cannot	revoke	these	freedoms	as	long	as	you	follow	the	license	terms.	Attribution	—	You	must	give	appropriate	credit	,	provide	a	link	to	the
license,	and	indicate	if	changes	were	made	.	You	may	do	so	in	any	reasonable	manner,	but	not	in	any	way	that	suggests	the	licensor	endorses	you	or	your	use.	ShareAlike	—	If	you	remix,	transform,	or	build	upon	the	material,	you	must	distribute	your	contributions	under	the	same	license	as	the	original.	No	additional	restrictions	—	You	may	not	apply
legal	terms	or	technological	measures	that	legally	restrict	others	from	doing	anything	the	license	permits.	You	do	not	have	to	comply	with	the	license	for	elements	of	the	material	in	the	public	domain	or	where	your	use	is	permitted	by	an	applicable	exception	or	limitation	.	No	warranties	are	given.	The	license	may	not	give	you	all	of	the	permissions
necessary	for	your	intended	use.	For	example,	other	rights	such	as	publicity,	privacy,	or	moral	rights	may	limit	how	you	use	the	material.	Water	located	beneath	the	ground	surface	An	illustration	showing	groundwater	in	aquifers	(in	blue)	(1,	5	and	6)	below	the	water	table	(4),	and	three	different	wells	(7,	8	and	9)	dug	to	reach	it.	Groundwater	is	the
water	present	beneath	Earth's	surface	in	rock	and	soil	pore	spaces	and	in	the	fractures	of	rock	formations.	About	30	percent	of	all	readily	available	fresh	water	in	the	world	is	groundwater.[1]	A	unit	of	rock	or	an	unconsolidated	deposit	is	called	an	aquifer	when	it	can	yield	a	usable	quantity	of	water.	The	depth	at	which	soil	pore	spaces	or	fractures
and	voids	in	rock	become	completely	saturated	with	water	is	called	the	water	table.	Groundwater	is	recharged	from	the	surface;	it	may	discharge	from	the	surface	naturally	at	springs	and	seeps,	and	can	form	oases	or	wetlands.	Groundwater	is	also	often	withdrawn	for	agricultural,	municipal,	and	industrial	use	by	constructing	and	operating	extraction
wells.	The	study	of	the	distribution	and	movement	of	groundwater	is	hydrogeology,	also	called	groundwater	hydrology.	Typically,	groundwater	is	thought	of	as	water	flowing	through	shallow	aquifers,	but,	in	the	technical	sense,	it	can	also	contain	soil	moisture,	permafrost	(frozen	soil),	immobile	water	in	very	low	permeability	bedrock,	and	deep
geothermal	or	oil	formation	water.	Groundwater	is	hypothesized	to	provide	lubrication	that	can	possibly	influence	the	movement	of	faults.	It	is	likely	that	much	of	Earth's	subsurface	contains	some	water,	which	may	be	mixed	with	other	fluids	in	some	instances.	Groundwater	is	often	cheaper,	more	convenient	and	less	vulnerable	to	pollution	than
surface	water.	Therefore,	it	is	commonly	used	for	public	drinking	water	supplies.	For	example,	groundwater	provides	the	largest	source	of	usable	water	storage	in	the	United	States,	and	California	annually	withdraws	the	largest	amount	of	groundwater	of	all	the	states.[2]	Underground	reservoirs	contain	far	more	water	than	the	capacity	of	all	surface
reservoirs	and	lakes	in	the	US,	including	the	Great	Lakes.	Many	municipal	water	supplies	are	derived	solely	from	groundwater.[3]	Over	2	billion	people	rely	on	it	as	their	primary	water	source	worldwide.[4]	Human	use	of	groundwater	causes	environmental	problems.	For	example,	polluted	groundwater	is	less	visible	and	more	difficult	to	clean	up	than
pollution	in	rivers	and	lakes.	Groundwater	pollution	most	often	results	from	improper	disposal	of	wastes	on	land.	Major	sources	include	industrial	and	household	chemicals	and	garbage	landfills,	excessive	fertilizers	and	pesticides	used	in	agriculture,	industrial	waste	lagoons,	tailings	and	process	wastewater	from	mines,	industrial	fracking,	oil	field
brine	pits,	leaking	underground	oil	storage	tanks	and	pipelines,	sewage	sludge	and	septic	systems.	Additionally,	groundwater	is	susceptible	to	saltwater	intrusion	in	coastal	areas	and	can	cause	land	subsidence	when	extracted	unsustainably,	leading	to	sinking	cities	(like	Bangkok)	and	loss	in	elevation	(such	as	the	multiple	meters	lost	in	the	Central
Valley	of	California).	These	issues	are	made	more	complicated	by	sea	level	rise	and	other	effects	of	climate	change,	particularly	those	on	the	water	cycle.	Earth's	axial	tilt	has	shifted	31	inches	because	of	human	groundwater	pumping.[5][6][7]	Groundwater	is	fresh	water	located	in	the	subsurface	pore	space	of	soil	and	rocks.	It	is	also	water	that	is
flowing	within	aquifers	below	the	water	table.	Sometimes	it	is	useful	to	make	a	distinction	between	groundwater	that	is	closely	associated	with	surface	water,	and	deep	groundwater	in	an	aquifer	(called	"fossil	water"	if	it	infiltrated	into	the	ground	millennia	ago[8]).	Further	information:	Water	cycle	Water	balance	Dzherelo,	a	common	source	of
drinking	water	in	a	Ukrainian	village	Groundwater	can	be	thought	of	in	the	same	terms	as	surface	water:	inputs,	outputs	and	storage.	The	natural	input	to	groundwater	is	infiltration	from	surface	water,	which	must	then	percolate	downward	to	reach	the	groundwater.	The	natural	outputs	from	groundwater	are	springs	and	seepage	to	the	oceans.[9]
Groundwater	storage	can	be	much	larger	(in	volume)	compared	to	its	inputs	than	surface	water	and	have	a	slower	turnover	rate,	though	this	depends	on	the	features	of	the	aquifer.[10]	This	difference	makes	it	easy	for	humans	to	use	groundwater	unsustainably	for	a	long	time	without	severe	consequences.	Nevertheless,	over	the	long	term	the	average
rate	of	infiltration	above	a	groundwater	source	plus	input	from	streams	is	the	upper	bound	for	average	consumption	of	water	from	that	source.[11][12]	Groundwater	is	naturally	replenished	by	surface	water	from	precipitation,	streams,	and	rivers	when	this	recharge	reaches	the	water	table.[13]	Groundwater	can	be	a	long-term	'reservoir'	of	the
natural	water	cycle	(with	residence	times	from	days	to	millennia),[14][15]	as	opposed	to	short-term	water	reservoirs	like	the	atmosphere	and	fresh	surface	water	(which	have	residence	times	from	minutes	to	years).	Deep	groundwater	(which	is	quite	distant	from	the	surface	recharge)	can	take	a	very	long	time	to	complete	its	natural	cycle.	The	Great
Artesian	Basin	in	central	and	eastern	Australia	is	one	of	the	largest	confined	aquifer	systems	in	the	world,	extending	for	almost	2	million	km2.	By	analysing	the	trace	elements	in	water	sourced	from	deep	underground,	hydrogeologists	have	been	able	to	determine	that	water	extracted	from	these	aquifers	can	be	more	than	1	million	years	old.	By
comparing	the	age	of	groundwater	obtained	from	different	parts	of	the	Great	Artesian	Basin,	hydrogeologists	have	found	it	increases	in	age	across	the	basin.	Where	water	recharges	the	aquifers	along	the	Eastern	Divide,	ages	are	young.	As	groundwater	flows	westward	across	the	continent,	it	increases	in	age,	with	the	oldest	groundwater	occurring	in
the	western	parts.	This	means	that	in	order	to	have	travelled	almost	1000	km	from	the	source	of	recharge	in	1	million	years,	the	groundwater	flowing	through	the	Great	Artesian	Basin	travels	at	an	average	rate	of	about	1	metre	per	year.	This	section	is	an	excerpt	from	Groundwater	recharge.[edit]	Groundwater	recharge	or	deep	drainage	or	deep
percolation	is	a	hydrologic	process,	where	water	moves	downward	from	surface	water	to	groundwater.	Recharge	is	the	primary	method	through	which	water	enters	an	aquifer.	This	process	usually	occurs	in	the	vadose	zone	below	plant	roots	and	is	often	expressed	as	a	flux	to	the	water	table	surface.	Groundwater	recharge	also	encompasses	water
moving	away	from	the	water	table	farther	into	the	saturated	zone.[16]	Recharge	occurs	both	naturally	(through	the	water	cycle)	and	through	anthropogenic	processes	(i.e.,	"artificial	groundwater	recharge"),	where	rainwater	and/or	reclaimed	water	is	routed	to	the	subsurface.	The	most	common	methods	to	estimate	recharge	rates	are:	chloride	mass
balance	(CMB);	soil	physics	methods;	environmental	and	isotopic	tracers;	groundwater-level	fluctuation	methods;	water	balance	(WB)	methods	(including	groundwater	models	(GMs));	and	the	estimation	of	baseflow	(BF)	to	rivers.[17]	This	section	is	an	excerpt	from	Aquifer.[edit]	Schematic	of	an	aquifer	showing	confined	zones,	groundwater	travel
times,	a	spring	and	a	well	An	aquifer	is	an	underground	layer	of	water-bearing	material,	consisting	of	permeable	or	fractured	rock,	or	of	unconsolidated	materials	(gravel,	sand,	or	silt).	Aquifers	vary	greatly	in	their	characteristics.	The	study	of	water	flow	in	aquifers	and	the	characterization	of	aquifers	is	called	hydrogeology.	Related	concepts	include
aquitard,	a	bed	of	low	permeability	along	an	aquifer,	and	aquiclude	(or	aquifuge),	a	solid	and	impermeable	region	underlying	or	overlying	an	aquifer,	the	pressure	of	which	could	lead	to	the	formation	of	a	confined	aquifer.	Aquifers	can	be	classified	as	saturated	versus	unsaturated;	aquifers	versus	aquitards;	confined	versus	unconfined;	isotropic	versus
anisotropic;	porous,	karst,	or	fractured;	and	transboundary	aquifer.	The	entire	surface	water	flow	of	the	Alapaha	River	near	Jennings,	Florida,	going	into	a	sinkhole	leading	to	the	Floridan	Aquifer	groundwater	The	high	specific	heat	capacity	of	water	and	the	insulating	effect	of	soil	and	rock	can	mitigate	the	effects	of	climate	and	maintain	groundwater
at	a	relatively	steady	temperature.	In	some	places	where	groundwater	temperatures	are	maintained	by	this	effect	at	about	10	°C	(50	°F),	groundwater	can	be	used	for	controlling	the	temperature	inside	structures	at	the	surface.	For	example,	during	hot	weather	relatively	cool	groundwater	can	be	pumped	through	radiators	in	a	home	and	then
returned	to	the	ground	in	another	well.	During	cold	seasons,	because	it	is	relatively	warm,	the	water	can	be	used	in	the	same	way	as	a	source	of	heat	for	heat	pumps	that	is	much	more	efficient	than	using	air.	Groundwater	makes	up	about	thirty	percent	of	the	world's	fresh	water	supply,	which	is	about	0.76%	of	the	entire	world's	water,	including
oceans	and	permanent	ice.[18][19]	About	99%	of	the	world's	liquid	fresh	water	is	groundwater.[20]	Global	groundwater	storage	is	roughly	equal	to	the	total	amount	of	freshwater	stored	in	the	snow	and	ice	pack,	including	the	north	and	south	poles.	This	makes	it	an	important	resource	that	can	act	as	a	natural	storage	that	can	buffer	against	shortages
of	surface	water,	as	in	during	times	of	drought.[21]	The	volume	of	groundwater	in	an	aquifer	can	be	estimated	by	measuring	water	levels	in	local	wells	and	by	examining	geologic	records	from	well-drilling	to	determine	the	extent,	depth	and	thickness	of	water-bearing	sediments	and	rocks.	Before	an	investment	is	made	in	production	wells,	test	wells
may	be	drilled	to	measure	the	depths	at	which	water	is	encountered	and	collect	samples	of	soils,	rock	and	water	for	laboratory	analyses.	Pumping	tests	can	be	performed	in	test	wells	to	determine	flow	characteristics	of	the	aquifer.[3]	The	characteristics	of	aquifers	vary	with	the	geology	and	structure	of	the	substrate	and	topography	in	which	they
occur.	In	general,	the	more	productive	aquifers	occur	in	sedimentary	geologic	formations.	By	comparison,	weathered	and	fractured	crystalline	rocks	yield	smaller	quantities	of	groundwater	in	many	environments.	Unconsolidated	to	poorly	cemented	alluvial	materials	that	have	accumulated	as	valley-filling	sediments	in	major	river	valleys	and
geologically	subsiding	structural	basins	are	included	among	the	most	productive	sources	of	groundwater.	Fluid	flows	can	be	altered	in	different	lithological	settings	by	brittle	deformation	of	rocks	in	fault	zones;	the	mechanisms	by	which	this	occurs	are	the	subject	of	fault	zone	hydrogeology.[22]	Groundwater	may	be	extracted	through	a	water
wellReliance	on	groundwater	will	only	increase,	mainly	due	to	growing	water	demand	by	all	sectors	combined	with	increasing	variation	in	rainfall	patterns.[23]	Safe	use	of	groundwater	varies	substantially	by	the	elements	present	and	use-cases,	with	significant	differences	between	consumption	for	humans,	livestocks	and	different	crops.[24]
Groundwater	is	the	most	accessed	source	of	freshwater	around	the	world,	including	as	drinking	water,	irrigation,	and	manufacturing.	Groundwater	accounts	for	about	half	of	the	world's	drinking	water,	40%	of	its	irrigation	water,	and	a	third	of	water	for	industrial	purposes.[20]	Another	estimate	stated	that	globally	groundwater	accounts	for	about	one
third	of	all	water	withdrawals,	and	surface	water	for	the	other	two	thirds.[25]: 21 	Groundwater	provides	drinking	water	to	at	least	50%	of	the	global	population.[26]	About	2.5	billion	people	depend	solely	on	groundwater	resources	to	satisfy	their	basic	daily	water	needs.[26]	A	similar	estimate	was	published	in	2021	which	stated	that	"groundwater	is
estimated	to	supply	between	a	quarter	and	a	third	of	the	world's	annual	freshwater	withdrawals	to	meet	agricultural,	industrial	and	domestic	demands."[27]: 1091 	Global	freshwater	withdrawal	was	probably	around	600	km3	per	year	in	1900	and	increased	to	3,880	km3	per	year	in	2017.	The	rate	of	increase	was	especially	high	(around	3%	per	year)
during	the	period	1950–1980,	partly	due	to	a	higher	population	growth	rate,	and	partly	to	rapidly	increasing	groundwater	development,	particularly	for	irrigation.	The	rate	of	increase	is	(as	per	2022)	approximately	1%	per	year,	in	tune	with	the	current	population	growth	rate.[23]: 15 	Global	groundwater	depletion	has	been	calculated	to	be	between
100	and	300	km3	per	year.	This	depletion	is	mainly	caused	by	"expansion	of	irrigated	agriculture	in	drylands".[27]: 1091 	The	Asia-Pacific	region	is	the	largest	groundwater	abstractor	in	the	world,	containing	seven	out	of	the	ten	countries	that	extract	most	groundwater	(Bangladesh,	China,	India,	Indonesia,	Iran,	Pakistan	and	Turkey).	These	countries
alone	account	for	roughly	60%	of	the	world's	total	groundwater	withdrawal.[23]: 6 	See	also:	Arsenic	contamination	of	groundwater	Groundwater	may	or	may	not	be	a	safe	water	source.	In	fact,	there	is	considerable	uncertainty	with	groundwater	in	different	hydrogeologic	contexts:	the	widespread	presence	of	contaminants	such	as	arsenic,	fluoride	and
salinity	can	reduce	the	suitability	of	groundwater	as	a	drinking	water	source.	Arsenic	and	fluoride	have	been	considered	as	priority	contaminants	at	a	global	level,	although	priority	chemicals	will	vary	by	country.[26]	There	is	a	lot	of	heterogeneity	of	hydrogeologic	properties.	For	this	reason,	salinity	of	groundwater	is	often	highly	variable	over	space.
This	contributes	to	highly	variable	groundwater	security	risks	even	within	a	specific	region.[26]	Salinity	in	groundwater	makes	the	water	unpalatable	and	unusable	and	is	often	the	worst	in	coastal	areas,	especially	due	to	Saltwater	intrusion	from	excessive	use,	which	are	notable	in	Bangladesh,	and	East	and	West	India,	and	many	islan	nations.[26]	Due
to	climate	change	groundwater	is	warming.	The	temperature	of	Viennese	groundwater	has	increased	by	.9	degrees	Celsius	between	2001	and	2010;	by	1.4	degrees	between	2011	and	2020.[28]	In	a	joint	research	project	scientists	at	the	Karlsruher	Institut	für	Technologie	and	the	University	of	Vienna	have	tried	to	quantify	the	amount	of	drinking
water	loss	to	be	expected	due	to	ground	water	warming	up	to	the	end	of	the	current	century.[29]	Stressing	the	fact	that	regional	shallow	groundwater	warming	patterns	vary	substantially	due	to	spatial	variability	in	climate	change	and	water	table	depth	these	researchers	write	that	we	currently	lack	knowledge	about	how	groundwater	responds	to
surface	warming	across	spatial	and	temporal	scales.[30]	Their	study	shows,	however,	that	following	a	medium	emissions	pathway,	in	2100	between	77	million	and	188	million	people	are	projected	to	live	in	areas	where	groundwater	exceeds	the	highest	threshold	for	drinking	water	temperatures	(DWTs)	set	by	any	country.[30]	Further	information:
Water	supply,	Drinking	water,	and	Self-supply	of	water	and	sanitation	Municipal	and	industrial	water	supplies	are	provided	through	large	wells.	Multiple	wells	for	one	water	supply	source	are	termed	"wellfields",	which	may	withdraw	water	from	confined	or	unconfined	aquifers.	Using	groundwater	from	deep,	confined	aquifers	provides	more
protection	from	surface	water	contamination.	Some	wells,	termed	"collector	wells",	are	specifically	designed	to	induce	infiltration	of	surface	(usually	river)	water.	Aquifers	that	provide	sustainable	fresh	groundwater	to	urban	areas	and	for	agricultural	irrigation	are	typically	close	to	the	ground	surface	(within	a	couple	of	hundred	metres)	and	have
some	recharge	by	fresh	water.	This	recharge	is	typically	from	rivers	or	meteoric	water	(precipitation)	that	percolates	into	the	aquifer	through	overlying	unsaturated	materials.	In	cases	where	the	groundwater	has	unacceptable	levels	of	salinity	or	specific	ions,	desalination	is	a	common	treatment,.[24][31][32]	However,	for	the	brine,	safe	disposal	or
reuse[24]	is	needed.	Main	article:	Irrigation	Center-pivot	irrigated	fields	in	Kansas	covering	hundreds	of	square	miles	watered	by	the	Ogallala	AquiferIn	general,	the	irrigation	of	20%	of	farming	land	(with	various	types	of	water	sources)	accounts	for	the	production	of	40%	of	food	production.[33][34]	Irrigation	techniques	across	the	globe	includes
canals	redirecting	surface	water,[35][36]	groundwater	pumping,	and	diverting	water	from	dams.	Aquifers	are	critically	important	in	agriculture.	Deep	aquifers	in	arid	areas	have	long	been	water	sources	for	irrigation.	A	majority	of	extracted	groundwater,	70%,	is	used	for	agricultural	purposes.[37]	Significant	investigation	has	gone	into	determining
safe	levels	of	specific	salts	present	for	different	agricultural	uses.[38]	In	India,	65%	of	the	irrigation	is	from	groundwater[39]	and	about	90%	of	extracted	groundwater	is	used	for	irrigation.[40]	Occasionally,	sedimentary	or	"fossil"	aquifers	are	used	to	provide	irrigation	and	drinking	water	to	urban	areas.	In	Libya,	for	example,	Muammar	Gaddafi's
Great	Manmade	River	project	has	pumped	large	amounts	of	groundwater	from	aquifers	beneath	the	Sahara	to	populous	areas	near	the	coast.[41]	Though	this	has	saved	Libya	money	over	the	alternative,	seawater	desalination,	the	aquifers	are	likely	to	run	dry	in	60	to	100	years.[41]	Families	collecting	water	from	a	water	well	in	Niger.	This	section	is
an	excerpt	from	WASH	§	Groundwater.[edit]	Groundwater	provides	critical	freshwater	supply,	particularly	in	dry	regions	where	surface	water	availability	is	limited.[42]	Globally,	more	than	one-third	of	the	water	used	originates	from	underground.	In	the	mid-latitude	arid	and	semi-arid	regions	lacking	sufficient	surface	water	supply	from	rivers	and
reservoirs,	groundwater	is	critical	for	sustaining	global	ecology	and	meeting	societal	needs	of	drinking	water	and	food	production.	The	demand	for	groundwater	is	rapidly	increasing	with	population	growth,	while	climate	change	is	imposing	additional	stress	on	water	resources	and	raising	the	probability	of	severe	drought	occurrence.[42]	The
anthropogenic	effects	on	groundwater	resources	are	mainly	due	to	groundwater	pumping	and	the	indirect	effects	of	irrigation	and	land	use	changes.[42]	Groundwater	plays	a	central	role	in	sustaining	water	supplies	and	livelihoods	in	sub-Saharan	Africa.[43]	In	some	cases,	groundwater	is	an	additional	water	source	that	was	not	used	previously.[44]
Reliance	on	groundwater	is	increasing	in	sub-Saharan	Africa	as	development	programs	work	towards	improving	water	access	and	strengthening	resilience	to	climate	change.[45]	Lower-income	areas	typically	install	groundwater	supplies	without	water	quality	treatment	infrastructure	or	services.	The	assumption	that	untreated	groundwater	is
typically	suitable	for	drinking	due	to	its	relative	microbiological	safety	compared	to	surface	water	underpins	this	practice,	largely	disregarding	chemistry	risks.[45]	Chemical	contaminants	occur	widely	in	groundwater	sources	that	are	used	for	drinking	but	are	not	regularly	monitored.	Example	priority	parameters	are	fluoride,	arsenic,	nitrate,	or
salinity.[45]	First,	flood	mitigation	schemes,	intended	to	protect	infrastructure	built	on	floodplains,	have	had	the	unintended	consequence	of	reducing	aquifer	recharge	associated	with	natural	flooding.	Second,	prolonged	depletion	of	groundwater	in	extensive	aquifers	can	result	in	land	subsidence,	with	associated	infrastructure	damage	–	as	well	as,
third,	saline	intrusion.[46]	Fourth,	draining	acid	sulphate	soils,	often	found	in	low-lying	coastal	plains,	can	result	in	acidification	and	pollution	of	formerly	freshwater	and	estuarine	streams.[47]	Main	article:	Overdrafting	Within	a	long	period	of	groundwater	depletion	in	California's	Central	Valley,	short	periods	of	recovery	were	mostly	driven	by
extreme	weather	events	that	typically	caused	flooding	and	had	negative	social,	environmental	and	economic	consequences.[48]	Diagram	of	a	water	balance	of	the	aquifer	Groundwater	is	a	highly	useful	and	often	abundant	resource.	Most	land	areas	on	Earth	have	some	form	of	aquifer	underlying	them,	sometimes	at	significant	depths.	In	some	cases,
these	aquifers	are	rapidly	being	depleted	by	the	human	population.	Such	over-use,	over-abstraction	or	overdraft	can	cause	major	problems	to	human	users	and	to	the	environment.	The	most	evident	problem	(as	far	as	human	groundwater	use	is	concerned)	is	a	lowering	of	the	water	table	beyond	the	reach	of	existing	wells.	As	a	consequence,	wells
must	be	drilled	deeper	to	reach	the	groundwater;	in	some	places	(e.g.,	California,	Texas,	and	India)	the	water	table	has	dropped	hundreds	of	feet	because	of	extensive	well	pumping.[49]	The	GRACE	satellites	have	collected	data	that	demonstrates	21	of	Earth's	37	major	aquifers	are	undergoing	depletion.[20]	In	the	Punjab	region	of	India,	for	example,
groundwater	levels	have	dropped	10	meters	since	1979,	and	the	rate	of	depletion	is	accelerating.[50]	A	lowered	water	table	may,	in	turn,	cause	other	problems	such	as	groundwater-related	subsidence	and	saltwater	intrusion.[51]	Another	cause	for	concern	is	that	groundwater	drawdown	from	over-allocated	aquifers	has	the	potential	to	cause	severe
damage	to	both	terrestrial	and	aquatic	ecosystems	–	in	some	cases	very	conspicuously	but	in	others	quite	imperceptibly	because	of	the	extended	period	over	which	the	damage	occurs.[46]	The	importance	of	groundwater	to	ecosystems	is	often	overlooked,	even	by	freshwater	biologists	and	ecologists.	Groundwaters	sustain	rivers,	wetlands,	and	lakes,
as	well	as	subterranean	ecosystems	within	karst	or	alluvial	aquifers.	Not	all	ecosystems	need	groundwater,	of	course.	Some	terrestrial	ecosystems	–	for	example,	those	of	the	open	deserts	and	similar	arid	environments	–	exist	on	irregular	rainfall	and	the	moisture	it	delivers	to	the	soil,	supplemented	by	moisture	in	the	air.	While	there	are	other
terrestrial	ecosystems	in	more	hospitable	environments	where	groundwater	plays	no	central	role,	groundwater	is	in	fact	fundamental	to	many	of	the	world's	major	ecosystems.	Water	flows	between	groundwaters	and	surface	waters.	Most	rivers,	lakes,	and	wetlands	are	fed	by,	and	(at	other	places	or	times)	feed	groundwater,	to	varying	degrees.
Groundwater	feeds	soil	moisture	through	percolation,	and	many	terrestrial	vegetation	communities	depend	directly	on	either	groundwater	or	the	percolated	soil	moisture	above	the	aquifer	for	at	least	part	of	each	year.	Hyporheic	zones	(the	mixing	zone	of	streamwater	and	groundwater)	and	riparian	zones	are	examples	of	ecotones	largely	or	totally
dependent	on	groundwater.	A	2021	study	found	that	of	~39	million	investigated[how?]	groundwater	wells	6–20%	are	at	high	risk	of	running	dry	if	local	groundwater	levels	decline	by	a	few	meters,	or	–	as	with	many	areas	and	possibly	more	than	half	of	major	aquifers[52]	–	continue	to	decline.[53][54]	Fresh-water	aquifers,	especially	those	with	limited
recharge	by	snow	or	rain,	also	known	as	meteoric	water,	can	be	over-exploited	and	depending	on	the	local	hydrogeology,	may	draw	in	non-potable	water	or	saltwater	intrusion	from	hydraulically	connected	aquifers	or	surface	water	bodies.	This	can	be	a	serious	problem,	especially	in	coastal	areas	and	other	areas	where	aquifer	pumping	is	excessive.
Main	article:	Groundwater-related	subsidence	Subsidence	occurs	when	too	much	water	is	pumped	out	from	underground,	deflating	the	space	below	the	above-surface,	and	thus	causing	the	ground	to	collapse.	The	result	can	look	like	craters	on	plots	of	land.	This	occurs	because,	in	its	natural	equilibrium	state,	the	hydraulic	pressure	of	groundwater	in
the	pore	spaces	of	the	aquifer	and	the	aquitard	supports	some	of	the	weight	of	the	overlying	sediments.	When	groundwater	is	removed	from	aquifers	by	excessive	pumping,	pore	pressures	in	the	aquifer	drop	and	compression	of	the	aquifer	may	occur.	This	compression	may	be	partially	recoverable	if	pressures	rebound,	but	much	of	it	is	not.	When	the
aquifer	gets	compressed,	it	may	cause	land	subsidence,	a	drop	in	the	ground	surface.[55]	In	unconsolidated	aquifers,	groundwater	is	produced	from	pore	spaces	between	particles	of	gravel,	sand,	and	silt.	If	the	aquifer	is	confined	by	low-permeability	layers,	the	reduced	water	pressure	in	the	sand	and	gravel	causes	slow	drainage	of	water	from	the
adjoining	confining	layers.	If	these	confining	layers	are	composed	of	compressible	silt	or	clay,	the	loss	of	water	to	the	aquifer	reduces	the	water	pressure	in	the	confining	layer,	causing	it	to	compress	from	the	weight	of	overlying	geologic	materials.	In	severe	cases,	this	compression	can	be	observed	on	the	ground	surface	as	subsidence.	Unfortunately,
much	of	the	subsidence	from	groundwater	extraction	is	permanent	(elastic	rebound	is	small).	Thus,	the	subsidence	is	not	only	permanent,	but	the	compressed	aquifer	has	a	permanently	reduced	capacity	to	hold	water.	The	city	of	New	Orleans,	Louisiana	is	actually	below	sea	level	today,	and	its	subsidence	is	partly	caused	by	removal	of	groundwater
from	the	various	aquifer/aquitard	systems	beneath	it.[56]	In	the	first	half	of	the	20th	century,	the	San	Joaquin	Valley	experienced	significant	subsidence,	in	some	places	up	to	8.5	metres	(28	feet)[57]	due	to	groundwater	removal.	Cities	on	river	deltas,	including	Venice	in	Italy,[58]	and	Bangkok	in	Thailand,[59]	have	experienced	surface	subsidence;
Mexico	City,	built	on	a	former	lake	bed,	has	experienced	rates	of	subsidence	of	up	to	40	centimetres	(1	foot	4	inches)	per	year.[60]	For	coastal	cities,	subsidence	can	increase	the	risk	of	other	environmental	issues,	such	as	sea	level	rise.[61]	For	example,	Bangkok	is	expected	to	have	5.138	million	people	exposed	to	coastal	flooding	by	2070	because	of
these	combining	factors.[61]	If	the	surface	water	source	is	also	subject	to	substantial	evaporation,	a	groundwater	source	may	become	saline.	This	situation	can	occur	naturally	under	endorheic	bodies	of	water,	or	artificially	under	irrigated	farmland.	In	coastal	areas,	human	use	of	a	groundwater	source	may	cause	the	direction	of	seepage	to	ocean	to
reverse	which	can	also	cause	soil	salinization.	As	water	moves	through	the	landscape,	it	collects	soluble	salts,	mainly	sodium	chloride.	Where	such	water	enters	the	atmosphere	through	evapotranspiration,	these	salts	are	left	behind.	In	irrigation	districts,	poor	drainage	of	soils	and	surface	aquifers	can	result	in	water	tables'	coming	to	the	surface	in
low-lying	areas.	Major	land	degradation	problems	of	soil	salinity	and	waterlogging	result,[62]	combined	with	increasing	levels	of	salt	in	surface	waters.	As	a	consequence,	major	damage	has	occurred	to	local	economies	and	environments.[63]	Aquifers	in	surface	irrigated	areas	in	semi-arid	zones	with	reuse	of	the	unavoidable	irrigation	water	losses
percolating	down	into	the	underground	by	supplemental	irrigation	from	wells	run	the	risk	of	salination.[64]	Surface	irrigation	water	normally	contains	salts	in	the	order	of	0.5	g/L	or	more	and	the	annual	irrigation	requirement	is	in	the	order	of	10,000	m3/ha	or	more	so	the	annual	import	of	salt	is	in	the	order	of	5,000	kg/ha	or	more.[65]	Under	the
influence	of	continuous	evaporation,	the	salt	concentration	of	the	aquifer	water	may	increase	continually	and	eventually	cause	an	environmental	problem.	For	salinity	control	in	such	a	case,	annually	an	amount	of	drainage	water	is	to	be	discharged	from	the	aquifer	by	means	of	a	subsurface	drainage	system	and	disposed	of	through	a	safe	outlet.	The
drainage	system	may	be	horizontal	(i.e.	using	pipes,	tile	drains	or	ditches)	or	vertical	(drainage	by	wells).	To	estimate	the	drainage	requirement,	the	use	of	a	groundwater	model	with	an	agro-hydro-salinity	component	may	be	instrumental,	e.g.	SahysMod.	Main	article:	Saltwater	intrusion	Further	information:	Sea	level	rise	Aquifers	near	the	coast	have
a	lens	of	freshwater	near	the	surface	and	denser	seawater	under	freshwater.	Seawater	penetrates	the	aquifer	diffusing	in	from	the	ocean	and	is	denser	than	freshwater.	For	porous	(i.e.,	sandy)	aquifers	near	the	coast,	the	thickness	of	freshwater	atop	saltwater	is	about	12	metres	(40	ft)	for	every	0.3	m	(1	ft)	of	freshwater	head	above	sea	level.	This
relationship	is	called	the	Ghyben-Herzberg	equation.	If	too	much	groundwater	is	pumped	near	the	coast,	salt-water	may	intrude	into	freshwater	aquifers	causing	contamination	of	potable	freshwater	supplies.	Many	coastal	aquifers,	such	as	the	Biscayne	Aquifer	near	Miami	and	the	New	Jersey	Coastal	Plain	aquifer,	have	problems	with	saltwater
intrusion	as	a	result	of	overpumping	and	sea	level	rise.	Seawater	intrusion	is	the	flow	or	presence	of	seawater	into	coastal	aquifers;	it	is	a	case	of	saltwater	intrusion.	It	is	a	natural	phenomenon	but	can	also	be	caused	or	worsened	by	anthropogenic	factors,	such	as	sea	level	rise	due	to	climate	change.[66]	In	the	case	of	homogeneous	aquifers,	seawater
intrusion	forms	a	saline	wedge	below	a	transition	zone	to	fresh	groundwater,	flowing	seaward	on	the	top.[67][68]	These	changes	can	have	other	effects	on	the	land	above	the	groundwater.	For	example,	coastal	groundwater	in	California	would	rise	in	many	aquifers,	increasing	risks	of	flooding	and	runoff	challenges.[66]	Sea	level	rise	causes	the	mixing
of	sea	water	into	the	coastal	groundwater,	rendering	it	unusable	once	it	amounts	to	more	than	2–3%	of	the	reservoir.	Along	an	estimated	15%	of	the	US	coastline,	the	majority	of	local	groundwater	levels	are	already	below	the	sea	level.[69]	Waterborne	diseases	can	be	spread	via	a	groundwater	well	which	is	contaminated	with	fecal	pathogens	from	pit
latrines	This	section	is	an	excerpt	from	Groundwater	pollution.[edit]	Groundwater	pollution	in	Lusaka,	Zambia,	where	the	pit	latrine	in	the	background	is	polluting	the	shallow	well	in	the	foreground	with	pathogens	and	nitrate	Groundwater	pollution	(also	called	groundwater	contamination)	occurs	when	pollutants	are	released	to	the	ground	and	make
their	way	into	groundwater.	This	type	of	water	pollution	can	also	occur	naturally	due	to	the	presence	of	a	minor	and	unwanted	constituent,	contaminant,	or	impurity	in	the	groundwater,	in	which	case	it	is	more	likely	referred	to	as	contamination	rather	than	pollution.	Groundwater	pollution	can	occur	from	on-site	sanitation	systems,	landfill	leachate,
effluent	from	wastewater	treatment	plants,	leaking	sewers,	petrol	filling	stations,	hydraulic	fracturing	(fracking)	or	from	over	application	of	fertilizers	in	agriculture.	Pollution	(or	contamination)	can	also	occur	from	naturally	occurring	contaminants,	such	as	arsenic	or	fluoride.[70]	Using	polluted	groundwater	causes	hazards	to	public	health	through
poisoning	or	the	spread	of	disease	(water-borne	diseases).	The	pollutant	often	produces	a	contaminant	plume	within	an	aquifer.	Movement	of	water	and	dispersion	within	the	aquifer	spreads	the	pollutant	over	a	wider	area.	Its	advancing	boundary,	often	called	a	plume	edge,	can	intersect	with	groundwater	wells	and	surface	water,	such	as	seeps	and
springs,	making	the	water	supplies	unsafe	for	humans	and	wildlife.	The	movement	of	the	plume,	called	a	plume	front,	may	be	analyzed	through	a	hydrological	transport	model	or	groundwater	model.	Analysis	of	groundwater	pollution	may	focus	on	soil	characteristics	and	site	geology,	hydrogeology,	hydrology,	and	the	nature	of	the	contaminants.
Different	mechanisms	have	influence	on	the	transport	of	pollutants,	e.g.	diffusion,	adsorption,	precipitation,	decay,	in	the	groundwater.	Further	information:	Water	security	§	Reduced	water	quality	due	to	climate	change	impactsA	woman	pumps	water	from	a	handpump	in	her	village	in	Sindh,	Pakistan	The	impacts	of	climate	change	on	groundwater
may	be	greatest	through	its	indirect	effects	on	irrigation	water	demand	via	increased	evapotranspiration.[23]: 5 	There	is	an	observed	declined	in	groundwater	storage	in	many	parts	of	the	world.	This	is	due	to	more	groundwater	being	used	for	irrigation	activities	in	agriculture,	particularly	in	drylands.[27]: 1091 	Some	of	this	increase	in	irrigation	can
be	due	to	water	scarcity	issues	made	worse	by	effects	of	climate	change	on	the	water	cycle.	Direct	redistribution	of	water	by	human	activities	amounting	to	~24,000	km3	per	year	is	about	double	the	global	groundwater	recharge	each	year.[27]	Climate	change	causes	changes	to	the	water	cycle	which	in	turn	affect	groundwater	in	several	ways:	There
can	be	a	decline	in	groundwater	storage,	and	reduction	in	groundwater	recharge	and	water	quality	deterioration	due	to	extreme	weather	events.[71]: 558 	In	the	tropics	intense	precipitation	and	flooding	events	appear	to	lead	to	more	groundwater	recharge.[71]: 582 	However,	the	exact	impacts	of	climate	change	on	groundwater	are	still	under
investigation.[71]: 579 	This	is	because	scientific	data	derived	from	groundwater	monitoring	is	still	missing,	such	as	changes	in	space	and	time,	abstraction	data	and	"numerical	representations	of	groundwater	recharge	processes".[71]: 579 	Effects	of	climate	change	could	have	different	impacts	on	groundwater	storage:	The	expected	more	intense	(but
fewer)	major	rainfall	events	could	lead	to	increased	groundwater	recharge	in	many	environments.[23]: 104 	But	more	intense	drought	periods	could	result	in	soil	drying-out	and	compaction	which	would	reduce	infiltration	to	groundwater.[72]	For	the	higher	altitudes	regions,	the	reduced	duration	and	amount	of	snow	may	lead	to	reduced	recharge	of
groundwater	in	spring.[71]: 582 	The	impacts	of	receding	alpine	glaciers	on	groundwater	systems	are	not	well	understood.[23]: 106 	Global	sea	level	rise	due	to	climate	change	has	induced	seawater	intrusion	into	coastal	aquifers	around	the	world,	particularly	in	low-lying	areas	and	small	islands.[71]: 611 	However,	groundwater	abstraction	is	usually
the	main	reason	for	seawater	intrusion,	rather	than	sea	level	rise	(see	in	section	on	seawater	intrusion).[23]: 5 	Seawater	intrusion	threatens	coastal	ecosystems	and	livelihood	resilience.	Bangladesh	is	a	vulnerable	country	for	this	issue,	and	mangrove	forest	of	Sundarbans	is	a	vulnerable	ecosystem.[71]: 611 	Groundwater	pollution	may	also	increase
indirectly	due	to	climate	change:	More	frequent	and	intense	storms	can	pollute	groundwater	by	mobilizing	contaminants,	for	example	fertilizers,	wastewater	or	human	excreta	from	pit	latrines.[71]: 611 	Droughts	reduce	river	dilution	capacities	and	groundwater	levels,	increasing	the	risk	of	groundwater	contamination.	Aquifer	systems	that	are
vulnerable	to	climate	change	include	the	following	examples	(the	first	four	are	largely	independent	of	human	withdrawals,	unlike	examples	5	to	8	where	the	intensity	of	human	groundwater	withdrawals	plays	a	key	role	in	amplifying	vulnerability	to	climate	change):[23]: 109 	low-relief	coastal	and	deltaic	aquifer	systems,	aquifer	systems	in	continental
northern	latitudes	or	alpine	and	polar	regions	aquifers	in	rapidly	expanding	low-income	cities	and	large	displaced	and	informal	communities	shallow	alluvial	aquifers	underlying	seasonal	rivers	in	drylands,	intensively	pumped	aquifer	systems	for	groundwater-fed	irrigation	in	drylands	intensively	pumped	aquifers	for	dryland	cities	intensively	pumped
coastal	aquifers	low-storage/low-recharge	aquifer	systems	in	drylands	Using	more	groundwater,	particularly	in	Sub-Saharan	Africa,	is	seen	as	a	method	for	climate	change	adaptation	in	the	case	that	climate	change	causes	more	intense	or	frequent	droughts.[73]	Groundwater-based	adaptations	to	climate	change	exploit	distributed	groundwater
storage	and	the	capacity	of	aquifer	systems	to	store	seasonal	or	episodic	water	surpluses.[23]: 5 	They	incur	substantially	lower	evaporative	losses	than	conventional	infrastructure,	such	as	surface	dams.	For	example,	in	tropical	Africa,	pumping	water	from	groundwater	storage	can	help	to	improve	the	climate	resilience	of	water	and	food	supplies.[23]: 
110 	The	development	of	geothermal	energy,	a	sustainable	energy	source,	plays	an	important	role	in	reducing	CO2	emissions	and	thus	mitigating	climate	change.[23]: 5 	Groundwater	is	an	agent	in	the	storage,	movement,	and	extraction	of	geothermal	energy.[23]: 110 	In	pioneering	nations,	such	as	the	Netherlands	and	Sweden,	the
ground/groundwater	is	increasingly	seen	as	just	one	component	(a	seasonal	source,	sink	or	thermal	'buffer')	in	district	heating	and	cooling	networks.[23]: 113 	Deep	aquifers	can	also	be	used	for	carbon	capture	and	sequestration,	the	process	of	storing	carbon	to	curb	accumulation	of	carbon	dioxide	in	the	atmosphere.[23]: 5 	Groundwater	withdrawal
rates	from	the	Ogallala	Aquifer	in	the	Central	United	StatesGroundwater	governance	processes	enable	groundwater	management,	planning	and	policy	implementation.	It	takes	place	at	multiple	scales	and	geographic	levels,	including	regional	and	transboundary	scales.[23]: 2 	Groundwater	management	is	action-oriented,	focusing	on	practical
implementation	activities	and	day-to-day	operations.	Because	groundwater	is	often	perceived	as	a	private	resource	(that	is,	closely	connected	to	land	ownership,	and	in	some	jurisdictions	treated	as	privately	owned),	regulation	and	top–down	governance	and	management	are	difficult.	Governments	need	to	fully	assume	their	role	as	resource	custodians
in	view	of	the	common-good	aspects	of	groundwater.[23]: 2 	Domestic	laws	and	regulations	regulate	access	to	groundwater	as	well	as	human	activities	that	impact	the	quality	of	groundwater.	Legal	frameworks	also	need	to	include	protection	of	discharge	and	recharge	zones	and	of	the	area	surrounding	water	supply	wells,	as	well	as	sustainable	yield
norms	and	abstraction	controls,	and	conjunctive	use	regulations.	In	some	jurisdictions,	groundwater	is	regulated	in	conjunction	with	surface	water,	including	rivers.[23]: 2 	Groundwater	is	an	important	water	resource	for	the	supply	of	drinking	water,	especially	in	arid	countries.	The	Arab	region	is	one	of	the	most	water-scarce	in	the	world	and
groundwater	is	the	most	relied-upon	water	source	in	at	least	11	of	the	22	Arab	states.	Over-extraction	of	groundwater	in	many	parts	of	the	region	has	led	to	groundwater	table	declines,	especially	in	highly	populated	and	agricultural	areas.[23]: 7 	All	pages	with	titles	containing	Groundwater	Baseflow	–	Stream	flow	between	precipitation	events
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