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Sources	of	water	that	are	potentially	useful	Global	values	of	water	resources	and	human	water	use	(excluding	Antarctica).	Water	resources	1961-90,	water	use	around	2000.	Computed	by	the	global	freshwater	model	WaterGAP.	Water	resources	are	natural	resources	of	water	that	are	potentially	useful	for	humans,[1]	for	example	as	a	source	of
drinking	water	supply	or	irrigation	water.	97%	of	the	water	on	the	Earth	is	salt	water	and	only	three	percent	is	fresh	water;	slightly	over	two	thirds	of	this	is	frozen	in	glaciers	and	polar	ice	caps.[2]	The	remaining	unfrozen	freshwater	is	found	mainly	as	groundwater,	with	only	a	small	fraction	present	above	ground	or	in	the	air.[3]	Natural	sources	of
fresh	water	include	surface	water,	under	river	flow,	groundwater	and	frozen	water.	Artificial	sources	of	fresh	water	can	include	treated	wastewater	(wastewater	reuse)	and	desalinated	seawater.	Human	uses	of	water	resources	include	agricultural,	industrial,	household,	recreational	and	environmental	activities.	Water	resources	are	under	threat	from
water	scarcity,	water	pollution,	water	conflict	and	climate	change.	Fresh	water	is	a	renewable	resource,	yet	the	world's	supply	of	groundwater	is	steadily	decreasing,	with	depletion	occurring	most	prominently	in	Asia,	South	America	and	North	America,	although	it	is	still	unclear	how	much	natural	renewal	balances	this	usage,	and	whether	ecosystems
are	threatened.[4]	The	framework	for	allocating	water	resources	to	water	users	(where	such	a	framework	exists)	is	known	as	water	rights.	Natural	sources	of	fresh	water	Further	information:	Water	distribution	on	Earth	Natural	sources	of	fresh	water	include	surface	water,	under	river	flow,	groundwater	and	frozen	water.	Surface	water	Main	article:
Surface	water	Lake	Chungará	and	Parinacota	volcano	in	northern	Chile	Surface	water	is	water	in	a	river,	lake	or	fresh	water	wetland.	Surface	water	is	naturally	replenished	by	precipitation	and	naturally	lost	through	discharge	to	the	oceans,	evaporation,	evapotranspiration	and	groundwater	recharge.	The	only	natural	input	to	any	surface	water
system	is	precipitation	within	its	watershed.	The	total	quantity	of	water	in	that	system	at	any	given	time	is	also	dependent	on	many	other	factors.	These	factors	include	storage	capacity	in	lakes,	wetlands	and	artificial	reservoirs,	the	permeability	of	the	soil	beneath	these	storage	bodies,	the	runoff	characteristics	of	the	land	in	the	watershed,	the	timing
of	the	precipitation	and	local	evaporation	rates.	All	of	these	factors	also	affect	the	proportions	of	water	loss.	Humans	often	increase	storage	capacity	by	constructing	reservoirs	and	decrease	it	by	draining	wetlands.	Humans	often	increase	runoff	quantities	and	velocities	by	paving	areas	and	channelizing	the	stream	flow.	Natural	surface	water	can	be
augmented	by	importing	surface	water	from	another	watershed	through	a	canal	or	pipeline.	Brazil	is	estimated	to	have	the	largest	supply	of	fresh	water	in	the	world,	followed	by	Russia	and	Canada.[5]	Panorama	of	a	natural	wetland	(Sinclair	Wetlands,	New	Zealand)	Water	from	glaciers	Glacier	runoff	is	considered	to	be	surface	water.	The	Himalayas,
which	are	often	called	"The	Roof	of	the	World",	contain	some	of	the	most	extensive	and	rough	high	altitude	areas	on	Earth	as	well	as	the	greatest	area	of	glaciers	and	permafrost	outside	of	the	poles.	Ten	of	Asia's	largest	rivers	flow	from	there,	and	more	than	a	billion	people's	livelihoods	depend	on	them.	To	complicate	matters,	temperatures	there	are
rising	more	rapidly	than	the	global	average.	In	Nepal,	the	temperature	has	risen	by	0.6	degrees	Celsius	over	the	last	decade,	whereas	globally,	the	Earth	has	warmed	approximately	0.7	degrees	Celsius	over	the	last	hundred	years.[6]	Groundwater	Relative	groundwater	travel	times	in	the	subsurface	This	section	is	an	excerpt	from	Groundwater.[edit]
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	freshwater	in	the	world	is	groundwater.[7]	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.	Under	river	flow	Throughout	the	course	of	a	river,	the	total	volume	of
water	transported	downstream	will	often	be	a	combination	of	the	visible	free	water	flow	together	with	a	substantial	contribution	flowing	through	rocks	and	sediments	that	underlie	the	river	and	its	floodplain	called	the	hyporheic	zone.	For	many	rivers	in	large	valleys,	this	unseen	component	of	flow	may	greatly	exceed	the	visible	flow.	The	hyporheic
zone	often	forms	a	dynamic	interface	between	surface	water	and	groundwater	from	aquifers,	exchanging	flow	between	rivers	and	aquifers	that	may	be	fully	charged	or	depleted.	This	is	especially	significant	in	karst	areas	where	pot-holes	and	underground	rivers	are	common.	Artificial	sources	of	usable	water	Artificial	sources	of	fresh	water	can
include	treated	wastewater	(reclaimed	water)	and	desalinated	seawater.	However,	economic	and	environmental	side	effects	of	these	technologies	must	also	be	taken	into	consideration.[8]	Wastewater	reuse	This	section	is	an	excerpt	from	Reclaimed	water.[edit]	Water	reclamation	(also	called	wastewater	reuse,	water	reuse	or	water	recycling)	is	the
process	of	converting	municipal	wastewater	(sewage)	or	industrial	wastewater	into	water	that	can	be	reused	for	a	variety	of	purposes.	Types	of	reuse	include:	urban	reuse,	agricultural	reuse	(irrigation),	environmental	reuse,	industrial	reuse,	planned	potable	reuse,	de	facto	wastewater	reuse	(unplanned	potable	reuse).	For	example,	reuse	may	include
irrigation	of	gardens	and	agricultural	fields	or	replenishing	surface	water	and	groundwater	(i.e.,	groundwater	recharge).	Reused	water	may	also	be	directed	toward	fulfilling	certain	needs	in	residences	(e.g.	toilet	flushing),	businesses,	and	industry,	and	could	even	be	treated	to	reach	drinking	water	standards.	The	injection	of	reclaimed	water	into	the
water	supply	distribution	system	is	known	as	direct	potable	reuse,	however,	drinking	reclaimed	water	is	not	a	typical	practice.[9]	Treated	municipal	wastewater	reuse	for	irrigation	is	a	long-established	practice,	especially	in	arid	countries.	Reusing	wastewater	as	part	of	sustainable	water	management	allows	water	to	remain	as	an	alternative	water
source	for	human	activities.	This	can	reduce	scarcity	and	alleviate	pressures	on	groundwater	and	other	natural	water	bodies.[10]	There	are	several	technologies	used	to	treat	wastewater	for	reuse.	A	combination	of	these	technologies	can	meet	strict	treatment	standards	and	make	sure	that	the	processed	water	is	hygienically	safe,	meaning	free	from
pathogens.	The	following	are	some	of	the	typical	technologies:	Ozonation,	ultrafiltration,	aerobic	treatment	(membrane	bioreactor),	forward	osmosis,	reverse	osmosis,	advanced	oxidation.[11]	Some	water	demanding	activities	do	not	require	high	grade	water.	In	this	case,	wastewater	can	be	reused	with	little	or	no	treatment.	Desalinated	water	This
section	is	an	excerpt	from	Desalination.[edit]	Desalination	is	a	process	that	takes	away	mineral	components	from	saline	water.	More	generally,	desalination	refers	to	the	removal	of	salts	and	minerals	from	a	target	substance,[12]	as	in	soil	desalination,	which	is	an	issue	for	agriculture.	Saltwater	(especially	sea	water)	is	desalinated	to	produce	water
suitable	for	human	consumption	or	irrigation.	The	by-product	of	the	desalination	process	is	brine.[13]	Desalination	is	used	on	many	seagoing	ships	and	submarines.	Most	of	the	modern	interest	in	desalination	is	focused	on	cost-effective	provision	of	fresh	water	for	human	use.	Along	with	recycled	wastewater,	it	is	one	of	the	few	rainfall-independent
water	resources.[14]	Due	to	its	energy	consumption,	desalinating	sea	water	is	generally	more	costly	than	fresh	water	from	surface	water	or	groundwater,	water	recycling	and	water	conservation.	However,	these	alternatives	are	not	always	available	and	depletion	of	reserves	is	a	critical	problem	worldwide.[15][16]	Desalination	processes	are	usually
driven	by	either	thermal	(in	the	case	of	distillation)	or	mechanical	(e.g.	in	the	case	of	reverse	osmosis)	energy	types.[17]	Water	uses	Total	renewable	freshwater	resources	of	the	world,	in	mm/yr	(	1	mm	is	equivalent	to	1	l	of	water	per	m²)	(long-term	average	for	the	years	1961-1990).	Resolution	is	0.5°	longitude	x	0.5°	latitude	(equivalent	to	55	km	x	55
km	at	the	equator).	Computed	by	the	global	freshwater	model	WaterGAP.The	total	quantity	of	water	available	at	any	given	time	is	an	important	consideration.	Some	human	water	users	have	an	intermittent	need	for	water.	For	example,	many	farms	require	large	quantities	of	water	in	the	spring,	and	no	water	at	all	in	the	winter.	To	supply	such	a	farm
with	water,	a	surface	water	system	may	require	a	large	storage	capacity	to	collect	water	throughout	the	year	and	release	it	in	a	short	period	of	time.	Other	users	have	a	continuous	need	for	water,	such	as	a	power	plant	that	requires	water	for	cooling.	To	supply	such	a	power	plant	with	water,	a	surface	water	system	only	needs	enough	storage	capacity
to	fill	in	when	average	stream	flow	is	below	the	power	plant's	need.	Nevertheless,	over	the	long	term	the	average	rate	of	precipitation	within	a	watershed	is	the	upper	bound	for	average	consumption	of	natural	surface	water	from	that	watershed.	Agriculture	and	other	irrigation	Main	article:	Irrigation	It	is	estimated	that	70%	of	worldwide	water	is
used	for	irrigation,	with	15–35%	of	irrigation	withdrawals	being	unsustainable.[18]	It	takes	around	2,000	–	3,000	litres	of	water	to	produce	enough	food	to	satisfy	one	person's	daily	dietary	need.[19]	This	is	a	considerable	amount,	when	compared	to	that	required	for	drinking,	which	is	between	two	and	five	litres.	To	produce	food	for	the	now	over	7
billion	people	who	inhabit	the	planet	today	requires	the	water	that	would	fill	a	canal	ten	metres	deep,	100	metres	wide	and	2100	kilometres	long.	An	assessment	of	water	management	in	agriculture	sector	was	conducted	in	2007	by	the	International	Water	Management	Institute	in	Sri	Lanka	to	see	if	the	world	had	sufficient	water	to	provide	food	for	its
growing	population.[20]	It	assessed	the	current	availability	of	water	for	agriculture	on	a	global	scale	and	mapped	out	locations	suffering	from	water	scarcity.	It	found	that	a	fifth	of	the	world's	people,	more	than	1.2	billion,	live	in	areas	of	physical	water	scarcity,	where	there	is	not	enough	water	to	meet	all	demands.	A	further	1.6	billion	people	live	in
areas	experiencing	economic	water	scarcity,	where	the	lack	of	investment	in	water	or	insufficient	human	capacity	make	it	impossible	for	authorities	to	satisfy	the	demand	for	water.	The	report	found	that	it	would	be	possible	to	produce	the	food	required	in	future,	but	that	continuation	of	today's	food	production	and	environmental	trends	would	lead	to
crises	in	many	parts	of	the	world.	To	avoid	a	global	water	crisis,	farmers	will	have	to	strive	to	increase	productivity	to	meet	growing	demands	for	food,	while	industry	and	cities	find	ways	to	use	water	more	efficiently.[21][22]	In	some	areas	of	the	world,	irrigation	is	necessary	to	grow	any	crop	at	all,	in	other	areas	it	permits	more	profitable	crops	to	be
grown	or	enhances	crop	yield.	Various	irrigation	methods	involve	different	trade-offs	between	crop	yield,	water	consumption	and	capital	cost	of	equipment	and	structures.	Irrigation	methods	such	as	furrow	and	overhead	sprinkler	irrigation	are	usually	less	expensive	but	are	also	typically	less	efficient,	because	much	of	the	water	evaporates,	runs	off	or
drains	below	the	root	zone.	Other	irrigation	methods	considered	to	be	more	efficient	include	drip	or	trickle	irrigation,	surge	irrigation,	and	some	types	of	sprinkler	systems	where	the	sprinklers	are	operated	near	ground	level.	These	types	of	systems,	while	more	expensive,	usually	offer	greater	potential	to	minimize	runoff,	drainage	and	evaporation.
Any	system	that	is	improperly	managed	can	be	wasteful,	all	methods	have	the	potential	for	high	efficiencies	under	suitable	conditions,	appropriate	irrigation	timing	and	management.	Some	issues	that	are	often	insufficiently	considered	are	salinization	of	groundwater	and	contaminant	accumulation	leading	to	water	quality	declines.	As	global
populations	grow,	and	as	demand	for	food	increases,	there	are	efforts	under	way	to	learn	how	to	produce	more	food	with	less	water,	through	improvements	in	irrigation[23]	methods[24]	and	technologies,	agricultural	water	management,	crop	types,	and	water	monitoring.	Aquaculture	is	a	small	but	growing	agricultural	use	of	water.	Freshwater
commercial	fisheries	may	also	be	considered	as	agricultural	uses	of	water,	but	have	generally	been	assigned	a	lower	priority	than	irrigation	(see	Aral	Sea	and	Pyramid	Lake).	Changing	landscape	for	the	use	of	agriculture	has	a	great	effect	on	the	flow	of	fresh	water.	Changes	in	landscape	by	the	removal	of	trees	and	soils	changes	the	flow	of	fresh
water	in	the	local	environment	and	also	affects	the	cycle	of	fresh	water.	As	a	result,	more	fresh	water	is	stored	in	the	soil	which	benefits	the	agriculture.	However,	since	agriculture	is	the	human	activity	that	consumes	the	most	fresh	water,[25]	this	can	put	a	severe	strain	on	local	freshwater	resources	resulting	in	the	destruction	of	local	ecosystems.	In
Australia,	over-abstraction	of	fresh	water	for	intensive	irrigation	activities	has	caused	33%	of	the	land	area	to	be	at	risk	of	salination.[25]	Water	requirements	of	different	classes	of	livestock[26]	Animal	Average	/	day	Range	/	day	Dairy	cow	76	L	(20	US	gal)	57	to	95	L	(15	to	25	US	gal)	Cow-calf	pair	57	L	(15	US	gal)	8	to	76	L	(2	to	20	US	gal)	Yearling
cattle	38	L	(10	US	gal)	23	to	53	L	(6	to	14	US	gal)	Horse	38	L	(10	US	gal)	30	to	53	L	(8	to	14	US	gal)	Sheep	8	L	(2	US	gal)	8	to	11	L	(2	to	3	US	gal)	Approximate	values	of	seasonal	crop	water	needs[27]	Crop	Crop	water	needs	mm	/	total	growing	period	Sugar	Cane	1500–2500	Banana	1200–2200	Citrus	900–1200	Potato	500–700	Tomato	400–800
Barley/Oats/Wheat	450–650	Cabbage	350–500	Onions	350–550	Pea	350–500	Irrigation	of	green	spaces	and	golf	courses	Further	information:	Greening	Urban	green	spaces	and	golf	courses	usually	require	some	form	of	irrigation.	Golf	courses	are	often	targeted	as	using	excessive	amounts	of	water,	especially	in	drier	regions.	Many	golf	courses	utilize
either	primarily	or	exclusively	treated	effluent	water,	which	has	little	impact	on	potable	water	availability.	Industries	A	power	plant	in	Poland	It	is	estimated	that	22%	of	worldwide	water	is	used	in	industry.[18]	Major	industrial	users	include	hydroelectric	dams,	thermoelectric	power	plants,	which	use	water	for	cooling,	ore	and	oil	refineries,	which	use
water	in	chemical	processes,	and	manufacturing	plants,	which	use	water	as	a	solvent.	Water	withdrawal	can	be	very	high	for	certain	industries,	but	consumption	is	generally	much	lower	than	that	of	agriculture.	Water	is	used	in	renewable	power	generation.	Hydroelectric	power	derives	energy	from	the	force	of	water	flowing	downhill,	driving	a
turbine	connected	to	a	generator.	This	hydroelectricity	is	a	low-cost,	non-polluting,	renewable	energy	source.	Significantly,	hydroelectric	power	can	also	be	used	for	load	following	unlike	most	renewable	energy	sources	which	are	intermittent.	Ultimately,	the	energy	in	a	hydroelectric	power	plant	is	supplied	by	the	sun.	Heat	from	the	sun	evaporates
water,	which	condenses	as	rain	in	higher	altitudes	and	flows	downhill.	Pumped-storage	hydroelectric	plants	also	exist,	which	use	grid	electricity	to	pump	water	uphill	when	demand	is	low,	and	use	the	stored	water	to	produce	electricity	when	demand	is	high.	Hydroelectric	power	plants	generally	require	the	creation	of	a	large	artificial	lake.
Evaporation	from	this	lake	is	higher	than	evaporation	from	a	river	due	to	the	larger	surface	area	exposed	to	the	elements,	resulting	in	much	higher	water	consumption.	The	process	of	driving	water	through	the	turbine	and	tunnels	or	pipes	also	briefly	removes	this	water	from	the	natural	environment,	creating	water	withdrawal.	The	impact	of	this
withdrawal	on	wildlife	varies	greatly	depending	on	the	design	of	the	power	plant.	Pressurized	water	is	used	in	water	blasting	and	water	jet	cutters.	Also,	very	high	pressure	water	guns	are	used	for	precise	cutting.	It	works	very	well,	is	relatively	safe,	and	is	not	harmful	to	the	environment.	It	is	also	used	in	the	cooling	of	machinery	to	prevent
overheating,	or	prevent	saw	blades	from	overheating.	This	is	generally	a	very	small	source	of	water	consumption	relative	to	other	uses.	Water	is	also	used	in	many	large	scale	industrial	processes,	such	as	thermoelectric	power	production,	oil	refining,	fertilizer	production	and	other	chemical	plant	use,	and	natural	gas	extraction	from	shale	rock.
Discharge	of	untreated	water	from	industrial	uses	is	pollution.	Pollution	includes	discharged	solutes	(chemical	pollution)	and	increased	water	temperature	(thermal	pollution).	Industry	requires	pure	water	for	many	applications	and	utilizes	a	variety	of	purification	techniques	both	in	water	supply	and	discharge.	Most	of	this	pure	water	is	generated	on
site,	either	from	natural	freshwater	or	from	municipal	grey	water.	Industrial	consumption	of	water	is	generally	much	lower	than	withdrawal,	due	to	laws	requiring	industrial	grey	water	to	be	treated	and	returned	to	the	environment.	Thermoelectric	power	plants	using	cooling	towers	have	high	consumption,	nearly	equal	to	their	withdrawal,	as	most	of
the	withdrawn	water	is	evaporated	as	part	of	the	cooling	process.	The	withdrawal,	however,	is	lower	than	in	once-through	cooling	systems.	Drinking	water	and	domestic	use	(households)	Main	article:	Drinking	water	Drinking	water	It	is	estimated	that	8%	of	worldwide	water	use	is	for	domestic	purposes.[18]	These	include	drinking	water,	bathing,
cooking,	toilet	flushing,	cleaning,	laundry	and	gardening.	Basic	domestic	water	requirements	have	been	estimated	by	Peter	Gleick	at	around	50	liters	per	person	per	day,	excluding	water	for	gardens.	Drinking	water	is	water	that	is	of	sufficiently	high	quality	so	that	it	can	be	consumed	or	used	without	risk	of	immediate	or	long	term	harm.	Such	water	is
commonly	called	potable	water.	In	most	developed	countries,	the	water	supplied	to	domestic,	commerce	and	industry	is	all	of	drinking	water	standard	even	though	only	a	very	small	proportion	is	actually	consumed	or	used	in	food	preparation.	844	million	people	still	lacked	even	a	basic	drinking	water	service	in	2017.[28]: 3 	Of	those,	159	million	people
worldwide	drink	water	directly	from	surface	water	sources,	such	as	lakes	and	streams.[28]: 3 	One	in	eight	people	in	the	world	do	not	have	access	to	safe	water.[29][30]	Inappropriate	use	of	water	may	contribute	to	this	problem.	The	following	tables	provide	some	indicators	of	water	use.	Recommended	basic	water	requirements	for	human	needs	(per
person)[31]	Activity	Minimum,	litres	/	day	Range	/	day	Drinking	Water	5	2–5	Sanitation	Services	20	20–75	Bathing	15	5–70	Cooking	and	Kitchen	10	10–50	Environment	Explicit	environment	water	use	is	also	a	very	small	but	growing	percentage	of	total	water	use.	Environmental	water	may	include	water	stored	in	impoundments	and	released	for
environmental	purposes	(held	environmental	water),	but	more	often	is	water	retained	in	waterways	through	regulatory	limits	of	abstraction.[32]	Environmental	water	usage	includes	watering	of	natural	or	artificial	wetlands,	artificial	lakes	intended	to	create	wildlife	habitat,	fish	ladders,	and	water	releases	from	reservoirs	timed	to	help	fish	spawn,	or
to	restore	more	natural	flow	regimes.[33]	Environmental	usage	is	non-consumptive	but	may	reduce	the	availability	of	water	for	other	users	at	specific	times	and	places.	For	example,	water	release	from	a	reservoir	to	help	fish	spawn	may	not	be	available	to	farms	upstream,	and	water	retained	in	a	river	to	maintain	waterway	health	would	not	be
available	to	water	abstractors	downstream.	Recreation	Further	information:	Sea	§	Leisure	Recreational	water	use	is	mostly	tied	to	lakes,	dams,	rivers	or	oceans.	If	a	water	reservoir	is	kept	fuller	than	it	would	otherwise	be	for	recreation,	then	the	water	retained	could	be	categorized	as	recreational	usage.	Examples	are	anglers,	water	skiers,	nature
enthusiasts	and	swimmers.	Recreational	usage	is	usually	non-consumptive.	However,	recreational	usage	may	reduce	the	availability	of	water	for	other	users	at	specific	times	and	places.	For	example,	water	retained	in	a	reservoir	to	allow	boating	in	the	late	summer	is	not	available	to	farmers	during	the	spring	planting	season.	Water	released	for
whitewater	rafting	may	not	be	available	for	hydroelectric	generation	during	the	time	of	peak	electrical	demand.	Challenges	and	threats	Threats	for	the	availability	of	water	resources	include:	Water	scarcity,	water	pollution,	water	conflict	and	climate	change.	Water	scarcity	This	section	is	an	excerpt	from	Water	scarcity.[edit]	Water	scarcity	(closely
related	to	water	stress	or	water	crisis)	is	the	lack	of	fresh	water	resources	to	meet	the	standard	water	demand.	There	are	two	types	of	water	scarcity:	physical	or	economic	water	scarcity.	Physical	water	scarcity	is	where	there	is	not	enough	water	to	meet	all	demands,	including	that	needed	for	ecosystems	to	function	effectively.	Arid	areas	for	example
Central	and	West	Asia,	and	North	Africa	often	suffer	from	physical	water	scarcity.[34]	On	the	other	hand,	economic	water	scarcity	is	caused	by	a	lack	of	investment	in	infrastructure	or	technology	to	draw	water	from	rivers,	aquifers,	or	other	water	sources,	or	insufficient	human	capacity	to	satisfy	the	demand	for	water.[35]	Much	of	Sub-Saharan	Africa
has	economic	water	scarcity.[36]: 11 	Water	pollution	Polluted	water	This	section	is	an	excerpt	from	Water	pollution.[edit]	Water	pollution	(or	aquatic	pollution)	is	the	contamination	of	water	bodies,	usually	as	a	result	of	human	activities,	so	that	it	negatively	affects	its	uses.[37]: 6 	Water	bodies	include	lakes,	rivers,	oceans,	aquifers,	reservoirs	and
groundwater.	Water	pollution	results	when	contaminants	are	introduced	into	these	water	bodies.	Water	pollution	can	be	attributed	to	one	of	four	sources:	sewage	discharges,	industrial	activities,	agricultural	activities,	and	urban	runoff	including	stormwater.[38]	It	can	be	grouped	into	surface	water	pollution	(either	fresh	water	pollution	or	marine
pollution)	or	groundwater	pollution.	For	example,	releasing	inadequately	treated	wastewater	into	natural	waters	can	lead	to	degradation	of	these	aquatic	ecosystems.	Water	pollution	can	also	lead	to	water-borne	diseases	for	people	using	polluted	water	for	drinking,	bathing,	washing	or	irrigation.[39]	Water	pollution	reduces	the	ability	of	the	body	of
water	to	provide	the	ecosystem	services	(such	as	drinking	water)	that	it	would	otherwise	provide.	Water	conflict	This	section	is	an	excerpt	from	Water	conflict.[edit]	Ethiopia's	move	to	fill	the	dam's	reservoir	could	reduce	Nile	flows	by	as	much	as	25%	and	devastate	Egyptian	farmlands.[40]Water	conflict	is	a	term	describing	a	conflict	between
countries,	states,	or	groups	over	the	rights	to	access	water	resources.[41][42]	The	United	Nations	recognizes	that	water	disputes	result	from	opposing	interests	of	water	users,	public	or	private.[43]	A	wide	range	of	water	conflicts	appear	throughout	history,	though	rarely	are	traditional	wars	waged	over	water	alone.[44]	Instead,	water	has	historically
been	a	source	of	tension	and	a	factor	in	conflicts	that	start	for	other	reasons.	Water	conflicts	arise	for	several	reasons,	including	territorial	disputes,	a	fight	for	resources,	and	strategic	advantage.[45]	Climate	change	Further	information:	Effects	of	climate	change	on	the	water	cycle	This	section	is	an	excerpt	from	Water	security	§	Climate	change.[edit]
Water-related	impacts	from	climate	change	impact	people's	water	security	on	a	day-to-day	basis.	They	include:	increased	frequency	and	intensity	of	heavy	precipitation,	accelerated	melting	of	glaciers,	changes	in	frequency,	magnitude,	and	timing	of	floods;	more	frequent	and	severe	droughts	in	some	places;	decline	in	groundwater	storage,	and
reduction	in	groundwater	recharge	and	water	quality	deterioration	due	to	extreme	events.[46]: 4–8 	Water	resources	can	be	affected	by	climate	change	in	various	ways.	The	total	amount	of	locally	available	freshwater	available	can	change,	for	instance	due	to	dry	spells	or	droughts.	There	can	also	be	reduced	water	quality	due	to	the	effects	of	climate
change.	Water	resource	management	Further	information:	Water	resources	law	Water	resource	management	is	the	activity	of	planning,	developing,	distributing	and	managing	the	optimum	use	of	water	resources.	It	is	an	aspect	of	water	cycle	management.	The	field	of	water	resources	management	will	have	to	continue	to	adapt	to	the	current	and
future	issues	facing	the	allocation	of	water.	With	the	growing	uncertainties	of	global	climate	change	and	the	long-term	impacts	of	past	management	actions,	this	decision-making	will	be	even	more	difficult.	It	is	likely	that	ongoing	climate	change	will	lead	to	situations	that	have	not	been	encountered.	As	a	result,	alternative	management	strategies,
including	participatory	approaches	and	adaptive	capacity	are	increasingly	being	used	to	strengthen	water	decision-making.	Ideally,	water	resource	management	planning	has	regard	to	all	the	competing	demands	for	water	and	seeks	to	allocate	water	on	an	equitable	basis	to	satisfy	all	uses	and	demands.	As	with	other	resource	management,	this	is
rarely	possible	in	practice	so	decision-makers	must	prioritise	issues	of	sustainability,	equity	and	factor	optimisation	(in	that	order!)	to	achieve	acceptable	outcomes.	One	of	the	biggest	concerns	for	water-based	resources	in	the	future	is	the	sustainability	of	the	current	and	future	water	resource	allocation.	Sustainable	Development	Goal	6	has	a	target
related	to	water	resources	management:	"Target	6.5:	By	2030,	implement	integrated	water	resources	management	at	all	levels,	including	through	transboundary	cooperation	as	appropriate."[47][48]	Sustainable	water	management	At	present,	only	about	0.08	percent	of	all	the	world's	fresh	water	is	accessible.	And	there	is	ever-increasing	demand	for
drinking,	manufacturing,	leisure	and	agriculture.	Due	to	the	small	percentage	of	water	available,	optimizing	the	fresh	water	we	have	left	from	natural	resources	has	been	a	growing	challenge	around	the	world.	Much	effort	in	water	resource	management	is	directed	at	optimizing	the	use	of	water	and	in	minimizing	the	environmental	impact	of	water
use	on	the	natural	environment.	The	observation	of	water	as	an	integral	part	of	the	ecosystem	is	based	on	integrated	water	resources	management,	based	on	the	1992	Dublin	Principles	(see	below).	Sustainable	water	management	requires	a	holistic	approach	based	on	the	principles	of	Integrated	Water	Resource	Management,	originally	articulated	in
1992	at	the	Dublin	(January)	and	Rio	(July)	conferences.	The	four	Dublin	Principles,	promulgated	in	the	Dublin	Statement	are:	Fresh	water	is	a	finite	and	vulnerable	resource,	essential	to	sustain	life,	development	and	the	environment;	Water	development	and	management	should	be	based	on	a	participatory	approach,	involving	users,	planners	and
policy-makers	at	all	levels;	Women	play	a	central	part	in	the	provision,	management	and	safeguarding	of	water;	Water	has	an	economic	value	in	all	its	competing	uses	and	should	be	recognized	as	an	economic	good.	Implementation	of	these	principles	has	guided	reform	of	national	water	management	law	around	the	world	since	1992.	Further
challenges	to	sustainable	and	equitable	water	resources	management	include	the	fact	that	many	water	bodies	are	shared	across	boundaries	which	may	be	international	(see	water	conflict)	or	intra-national	(see	Murray-Darling	basin).	Integrated	water	resources	management	Integrated	water	resources	management	(IWRM)	has	been	defined	by	the
Global	Water	Partnership	(GWP)	as	"a	process	which	promotes	the	coordinated	development	and	management	of	water,	land	and	related	resources,	in	order	to	maximize	the	resultant	economic	and	social	welfare	in	an	equitable	manner	without	compromising	the	sustainability	of	vital	ecosystems".[49]	IWRM	is	a	paradigm	that	emerged	at
international	conferences	in	the	late	1900s	and	early	2000s,	although	participatory	water	management	institutions	have	existed	for	centuries.[50]	Discussions	on	a	holistic	way	of	managing	water	resources	began	already	in	the	1950s	leading	up	to	the	1977	United	Nations	Water	Conference.[51]	The	development	of	IWRM	was	particularly
recommended	in	the	final	statement	of	the	ministers	at	the	International	Conference	on	Water	and	the	Environment	in	1992,	known	as	the	Dublin	Statement.	This	concept	aims	to	promote	changes	in	practices	which	are	considered	fundamental	to	improved	water	resource	management.	IWRM	was	a	topic	of	the	second	World	Water	Forum,	which	was
attended	by	a	more	varied	group	of	stakeholders	than	the	preceding	conferences	and	contributed	to	the	creation	of	the	GWP.[50]	In	the	International	Water	Association	definition,	IWRM	rests	upon	three	principles	that	together	act	as	the	overall	framework:[52]	Social	equity:	ensuring	equal	access	for	all	users	(particularly	marginalized	and	poorer
user	groups)	to	an	adequate	quantity	and	quality	of	water	necessary	to	sustain	human	well-being.	Economic	efficiency:	bringing	the	greatest	benefit	to	the	greatest	number	of	users	possible	with	the	available	financial	and	water	resources.	Ecological	sustainability:	requiring	that	aquatic	ecosystems	are	acknowledged	as	users	and	that	adequate
allocation	is	made	to	sustain	their	natural	functioning.	In	2002,	the	development	of	IWRM	was	discussed	at	the	World	Summit	on	Sustainable	Development	held	in	Johannesburg,	which	aimed	to	encourage	the	implementation	of	IWRM	at	a	global	level.[53]	The	third	World	Water	Forum	recommended	IWRM	and	discussed	information	sharing,
stakeholder	participation,	and	gender	and	class	dynamics.[50]	IWRM	practices	depend	on	context;	at	the	operational	level,	the	challenge	is	to	translate	the	agreed	principles	into	concrete	action.	Operationally,	IWRM	approaches	involve	applying	knowledge	from	various	disciplines	as	well	as	the	insights	from	diverse	stakeholders	to	devise	and
implement	efficient,	equitable	and	sustainable	solutions	to	water	and	development	problems.	As	such,	IWRM	is	a	comprehensive,	participatory	planning	and	implementation	tool	for	managing	and	developing	water	resources	in	a	way	that	balances	social	and	economic	needs,	and	that	ensures	the	protection	of	ecosystems	for	future	generations.	In
addition,	in	light	of	contributing	the	achievement	of	Sustainable	Development	goals	(SDGs),[54]		IWRM	has	been	evolving	into	more	sustainable	approach	as	it	considers	the	Nexus	approach,	which	is	a	cross-sectoral	water	resource	management.	The	Nexus	approach	is	based	on	the	recognition	that	"water,	energy	and	food	are	closely	linked	through
global	and	local	water,	carbon	and	energy	cycles	or	chains."	Water’s	many	different	uses	—	for	agriculture,	for	healthy	ecosystems,	for	people	and	livelihoods	—	demands	coordinated	action.	An	IWRM	approach	is	consequently	cross-sectoral,	aiming	to	be	an	open,	flexible	process,	and	bringing	all	stakeholders	to	the	table	to	set	policy	and	make	sound,
balanced	decisions	in	response	to	specific	water	challenges	faced.	An	IWRM	approach	focuses	on	three	basics	and	aims	at	avoiding	a	fragmented	approach	of	water	resources	management	by	considering	the	following	aspects:	Enabling	Environment:	A	proper	enabling	environment	is	essential	to	both	ensure	the	rights	and	assets	of	all	stakeholders
(individuals	as	well	as	public	and	private	sector	organizations	and	companies),	and	also	to	protect	public	assets	such	as	intrinsic	environmental	values.	Roles	of	Institutions:	Institutional	development	is	critical	to	the	formulation	and	implementation	of	IWRM	policies	and	programmes.	Failure	to	match	responsibilities,	authority	and	capacities	for	action
are	all	major	sources	of	difficulty	with	implementing	IWRM.	Management	Instruments:	The	management	instruments	for	IWRM	are	the	tools	and	methods	that	enable	and	help	decision-makers	to	make	rational	and	informed	choices	between	alternative	actions.	Some	of	the	cross-cutting	conditions	that	are	also	important	to	consider	when
implementing	IWRM	are:	Political	will	and	commitment	Capacity	development	Adequate	investment,	financial	stability	and	sustainable	cost	recovery	Monitoring	and	evaluation	IWRM	should	be	viewed	as	a	process	rather	than	a	one-shot	approach	-	one	that	is	long-term	and	iterative	rather	than	linear	in	nature.	As	a	process	which	seeks	to	shift	water
development	and	management	systems	from	their	currently	unsustainable	forms,	IWRM	has	no	fixed	beginnings	or	endings.	Furthermore,	there	is	not	one	correct	administrative	model.	The	art	of	IWRM	lies	in	selecting,	adjusting	and	applying	the	right	mix	of	these	tools	for	a	given	situation.	Managing	water	in	urban	settings	Typical	urban	water	cycle
depicting	drinking	water	purification	and	municipal	sewage	treatment	systems.	Source:	U.S.	Environmental	Protection	Agency,	"Primer	for	Municipal	Wastewater	Treatment	Systems."	EPA	832-R-04-001.	p.	7.	This	section	is	an	excerpt	from	Integrated	urban	water	management.[edit]	Integrated	urban	water	management	(IUWM)	is	the	practice	of
managing	freshwater,	wastewater,	and	storm	water	as	components	of	a	basin-wide	management	plan.	It	builds	on	existing	water	supply	and	sanitation	considerations	within	an	urban	settlement	by	incorporating	urban	water	management	within	the	scope	of	the	entire	river	basin.[55]	IUWM	is	commonly	seen	as	a	strategy	for	achieving	the	goals	of
Water	Sensitive	Urban	Design.	IUWM	seeks	to	change	the	impact	of	urban	development	on	the	natural	water	cycle,	based	on	the	premise	that	by	managing	the	urban	water	cycle	as	a	whole;	a	more	efficient	use	of	resources	can	be	achieved	providing	not	only	economic	benefits	but	also	improved	social	and	environmental	outcomes.	One	approach	is	to
establish	an	inner,	urban,	water	cycle	loop	through	the	implementation	of	reuse	strategies.	Developing	this	urban	water	cycle	loop	requires	an	understanding	both	of	the	natural,	pre-development,	water	balance	and	the	post-development	water	balance.	Accounting	for	flows	in	the	pre-	and	post-development	systems	is	an	important	step	toward	limiting
urban	impacts	on	the	natural	water	cycle.[56]	IUWM	within	an	urban	water	system	can	also	be	conducted	by	performance	assessment	of	any	new	intervention	strategies	by	developing	a	holistic	approach	which	encompasses	various	system	elements	and	criteria	including	sustainability	type	ones	in	which	integration	of	water	system	components
including	water	supply,	waste	water	and	storm	water	subsystems	would	be	advantageous.[57]	Simulation	of	metabolism	type	flows	in	urban	water	system	can	also	be	useful	for	analysing	processes	in	urban	water	cycle	of	IUWM.[57][58]	By	country	Water	resource	management	and	governance	is	handled	differently	by	different	countries.	For	example,
in	the	United	States,	the	United	States	Geological	Survey	(USGS)	and	its	partners	monitor	water	resources,	conduct	research	and	inform	the	public	about	groundwater	quality.[59]	Water	resources	in	specific	countries	are	described	below:	See	also	Water	portal	Holistic	management	International	trade	and	water	List	of	countries	by	freshwater
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