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Climate	change	driven	by	greenhouse	gas	emissions	is	one	of	the	most	pressing	issues	facing	the	world	today.	Carbon	dioxide	(CO2)	is	the	primary	greenhouse	gas	contributing	to	global	warming.	As	nations,	corporations,	and	individuals	work	to	reduce	their	carbon	footprints,	accurately	measuring	carbon	emissions	has	become	increasingly
important.	This	allows	us	to	set	emission	reduction	goals,	track	progress,	and	identify	the	most	impactful	actions	we	can	take.	But	how	are	carbon	emissions	measured?	The	Carbon	Cycle	To	understand	carbon	measurement,	we	must	first	understand	the	carbon	cycle.	Carbon	is	constantly	being	exchanged	between	the	atmosphere,	oceans,	soils,
plants,	animals	and	fossil	fuel	deposits	through	processes	like	photosynthesis,	respiration,	decay	and	combustion.	During	photosynthesis,	plants	absorb	CO2	from	the	atmosphere	and	use	solar	energy	to	convert	it	into	carbohydrates	they	use	for	food.	The	CO2	becomes	part	of	the	plant	tissues.	Animals	then	eat	the	plants,	incorporating	the	carbon
compounds	into	their	bodies.	When	plants	and	animals	die	and	decay	or	are	eaten,	some	percentage	of	the	carbon	returns	to	the	atmosphere	or	soil	through	respiration	and	decomposition.	Over	millions	of	years,	a	portion	of	decaying	organic	matter	was	buried	and	converted	through	heat	and	pressure	into	fossil	fuel	deposits	of	coal,	oil	and	natural
gas.	When	we	extract	and	burn	fossil	fuels	to	power	our	modern	society,	carbon	stored	underground	for	millennia	is	released	back	into	the	atmosphere.	Deforestation	and	land	use	changes	also	emit	stored	carbon.	Prior	to	industrialization,	the	carbon	cycle	was	roughly	in	balance.	Today,	by	burning	over	11	billion	metric	tons	of	fossil	fuels	each	year,
humans	are	altering	the	carbon	cycle	and	increasing	atmospheric	CO2	faster	than	natural	processes	can	absorb	it.	Measuring	Carbon	Dioxide	Emissions	There	are	two	main	approaches	to	estimating	CO2	emissions:	1.	Bottom-Up	Calculations:	This	involves	directly	measuring	or	calculating	emissions	from	specific	sources	and	adding	them	together.
Examples	include	measuring	the	CO2	emitted	from	vehicle	tailpipes	or	power	plant	smokestacks	or	calculating	emissions	based	on	fuel	consumption	statistics.	2.	Top-Down	Calculations:	This	estimates	total	CO2	emissions	over	a	large	area	by	taking	atmospheric	concentration	measurements	and	using	models	to	work	backwards.	The	emissions	are
then	attributed	to	different	sources.	Bottom-up	calculations	offer	detailed,	source-specific	information	useful	for	compiling	inventories	and	allocating	emissions.	However,	identifying	and	measuring	every	source	is	challenging.	Top-down	methods	provide	a	big-picture	view	of	total	emissions	that	can	validate	bottom-up	inventories.	But	they	have	less
specificity.	Most	carbon	accounting	combines	the	two	approaches.	Methodologies	Here	are	some	key	methodologies	used:	Emissions	inventories:	Governments,	companies	and	other	entities	measure	and	compile	data	on	emissions	from	sources	like	power	plants,	transportation,	industry	and	agriculture	over	a	given	time	period.	This	generates	an
emissions	inventory.	For	example,	the	EPA	annually	tracks	U.S.	greenhouse	gas	emissions	at	the	national	and	state	level.	Companies	might	track	their	emissions	over	a	year.	Inventories	allow	tracking	emission	trends,	setting	reduction	goals	and	allocating	emissions	to	different	source	categories.	Emissions	factors:	It	is	often	not	possible	to	directly
measure	emissions	from	every	car,	truck,	factory,	etc.	Instead,	emissions	factors	are	used	to	calculate	emissions	based	on	activity	data.	For	example,	an	emissions	factor	may	specify	the	amount	of	CO2	emitted	per	kilowatt-hour	of	electricity	generated	from	a	specific	power	plant.	Multiplying	the	emissions	factor	by	the	facility’s	total	electricity
generation	provides	its	estimated	emissions.	Government	agencies	and	industry	groups	compile	emissions	factors	for	different	fuels,	processes	and	equipment	that	entities	reference	to	estimate	their	emissions.	Emissions	intensities:	The	emissions	intensity	expresses	the	amount	of	CO2	emitted	per	unit	of	a	product	or	activity.	Common	metrics	include
emissions	per	kilowatt-hour	of	electricity,	per	barrel	of	oil	produced,	per	mile	driven,	or	per	dollar	of	GDP.	Intensities	allow	comparing	and	benchmarking	the	emissions	efficiency	of	products,	companies	and	countries.	Tracking	intensity	over	time	shows	decarbonization	progress	as	economies	improve	efficiency	and	transition	toward	lower-carbon
activities.	Life	cycle	assessments:	LCAs	estimate	the	emissions	of	a	product	over	its	entire	life	cycle	from	material	extraction,	production,	use	and	disposal.	This	helps	identify	high-impact	stages	and	improvement	opportunities.	For	example,	an	LCA	on	vehicle	emissions	would	assess	CO2	not	just	from	tailpipe	exhaust	but	from	producing	the	metals,
plastics,	electronics	and	fuels	needed	to	manufacture	and	run	the	vehicle.	Companies	and	governments	use	LCAs	to	direct	R&D,	set	product	regulations	and	guide	purchasing.	Carbon	footprints:	The	carbon	footprint	sums	up	greenhouse	gas	emissions	from	a	person,	product,	company,	event	or	group	over	a	given	period.	It	might	include	direct
emissions	like	fuel	use	plus	indirect	emissions	from	electricity	and	materials.	Carbon	footprints	help	motivate	and	guide	emission	reduction	efforts.	For	example,	people	can	calculate	their	personal	footprints	and	identify	lifestyle	changes	to	reduce	emissions.	Products	like	food	or	clothing	can	display	carbon	labels.	Companies	track	footprints	and	set
reduction	targets.	Atmospheric	measurements:	Networks	of	sensors	across	the	globe	precisely	measure	atmospheric	concentrations	of	CO2	and	other	greenhouse	gases.	Combining	this	data	with	atmospheric	circulation	models	allows	scientists	to	estimate	total	emissions	for	regions	like	North	America,	pinpoint	emission	hotspots	and	analyze	trends.
This	provides	independent	validation	of	bottom-up	inventories.	Key	Calculations	Some	of	the	fundamental	calculations	used	in	emissions	accounting	include:	Fuel-based:	Emissions	are	calculated	based	on	the	amount	of	fuel	burned	and	its	emission	factor.	Examples	include	gallons	of	gasoline	used	by	vehicles,	tons	of	coal	burned	by	a	power	plant	or
cubic	feet	of	natural	gas	consumed	to	heat	a	building.	The	emission	factor	for	the	fuel	gives	the	tons	of	CO2	emitted	per	unit.	Fuel	quantities	are	typically	obtained	from	purchase	receipts	and	meters.	Miles-based:	For	mobile	sources	like	vehicles,	planes	or	ships,	CO2	emissions	can	be	calculated	from	the	number	of	miles	traveled	and	a	fuel	efficiency
factor.	Common	metrics	include	grams	CO2	per	mile,	mile	per	gallon,	or	gallons	per	100	miles.	The	fuel	efficiency	reflects	the	vehicle	model,	engine,	load	and	operating	conditions.	Emissions	increase	with	more	miles	driven	or	lower	fuel	efficiency.	Process-based:	Emissions	from	industrial	facilities	and	processes	like	cement	and	steel	production	are
calculated	using	emissions	factors	for	material	inputs	and	different	steps	in	the	production	sequence.	This	factors	in	efficiencies	that	determine	how	much	raw	CO2	is	generated	per	ton	of	product.	Deforestation:	Clearing	forests	for	timber	harvesting	or	land	development	releases	stored	carbon.	Estimates	are	based	on	the	total	acres	deforested	and
inventories	assessing	metric	tons	of	carbon	stored	per	acre	in	vegetation	biomass	and	soils.	Carbon	content:	Fuels	contain	different	amounts	of	carbon	per	unit.	Burning	one	gallon	of	gasoline	emits	about	8.9	kg	CO2	while	one	gallon	of	diesel	emits	about	10.2	kg.	The	carbon	content	helps	determine	fuel-specific	emissions	factors.	Why	Accurate
Carbon	Accounting	Matters	Precise,	comprehensive	carbon	accounting	is	crucial	for:	Tracking	emissions	trends:	Consistent	accounting	allows	us	to	accurately	track	changes	in	emissions	over	time	and	assess	the	effectiveness	of	mitigation	policies	and	actions.	Setting	reduction	goals:	Robust	data	enables	nations	and	subnational	entities	to	establish
measurable,	science-based	emissions	reduction	targets.	Creating	mitigation	strategies:	Detailed	emissions	data	helps	model	scenarios	and	impacts	of	different	mitigation	pathways	like	cleaner	energy,	electrification,	efficiency	gains	or	carbon	capture.	Prioritizing	high-impact	actions:	Identifying	major	emission	sources	helps	focus	reduction	efforts
where	they	can	have	the	most	impact.	Evaluating	progress:	Standardized,	transparent	accounting	enables	benchmarking	of	emitters	and	progress	toward	reduction	goals.	Allocating	responsibility:	Attributional	analyses	define	contributions	to	emissions	from	different	sectors,	technologies,	regions,	companies,	and	products	to	guide	responsibility.
Facilitating	carbon	markets	and	pricing:	Markets	and	taxes	require	accurate	accounting	to	set	permit	allocations	and	prices.	Uncertaintyraises	costs	and	inhibits	participation.	Informing	policy:	Emissions	data	guides	effective	policy	development	by	governments	at	the	international,	national	and	local	levels.	Motivating	action:	Quantified	footprints
spur	mitigation	by	increasing	awareness	of	emissions	impacts	and	opportunities.	Limitations	and	Uncertainty	While	emissions	accounting	methods	continue	improving,	they	still	have	limitations:	Incomplete	data:	Unknowns	in	quantities	like	fuel	consumption	along	with	missing	or	outdated	emissions	factors	introduce	uncertainty	in	bottom-up
inventories.	Estimations:	It	is	often	impossible	to	directly	measure	every	emission	source	continuously.	Some	estimates	can	have	uncertainties	of	10%	or	more.	Inconsistent	methodologies:	Different	entities	or	groups	may	use	varying	accounting	approaches,	assumptions	and	system	boundaries,	limiting	result	comparability.	Attribution	challenges:
Attributing	emissions	to	specific	regions,	economic	sectors	or	fuel	types	involves	modelling	with	inherent	approximations.	Natural	carbon	fluxes:	Natural	processes	like	wildfires,	soil	disturbances	and	wetlands	can	emit	substantial	CO2	in	ways	that	are	difficult	to	quantify.	Data	verification:	Top-down	validation	of	bottom-up	inventories	remains
limited,	though	improving	through	satellite	monitoring.	Final	Thoughts	While	uncertainties	remain,	carbon	accounting	practices	continue	advancing,	recently	aided	by	technologies	like	remote	sensing,	cheaper	sensors	and	automated	data	collection.	Integrating	multiple	methodologies	provides	cross-verification.	Despite	limitations,	current	emissions
data	still	gives	directionally	accurate	trend	information	to	guide	mitigation.	Perfect	accounting	is	not	needed	to	act	on	climate	change,	and	individuals	can	make	a	significant	impact	by	adopting	eco-friendly	practices	at	home.	But	improving	accounting	to	narrow	uncertainties	will	allow	more	targeted,	cost-effective	solutions.	Frequently	Asked
Questions	1.	What	are	the	main	greenhouse	gases	contributing	to	climate	change?	The	primary	greenhouse	gases	are	carbon	dioxide	(CO2),	methane	(CH4),	nitrous	oxide	(N2O)	and	fluorinated	gases	such	as	hydrofluorocarbons	(HFCs).	CO2	accounts	for	about	80%	of	total	greenhouse	gas	emissions	globally	due	to	our	heavy	use	of	fossil	fuels.
Methane,	nitrous	oxide	and	fluorinated	gases	have	a	much	higher	global	warming	potential	per	molecule	compared	to	CO2	but	are	emitted	in	smaller	quantities.	2.	What	are	common	units	used	to	report	carbon	emissions?	Emissions	are	typically	reported	in	terms	of	metric	tons	or	tonnes	of	carbon	dioxide	equivalent	(tCO2e).	This	standardizes
emissions	from	all	greenhouse	gases	based	on	their	relative	global	warming	potential	compared	to	CO2.	Emissions	can	also	be	reported	as	million	metric	tons	of	carbon	dioxide	equivalent	(MMtCO2e)	or	billion	metric	tons	(GtCO2e)	for	large	totals.	3.	How	do	different	countries	compare	in	total	greenhouse	gas	emissions?	China	emits	the	most
greenhouse	gases,	over	14	GtCO2e	annually,	followed	by	the	United	States	at	over	6.5	GtCO2e.	However,	many	developed	countries	like	the	US	have	far	higher	per	capita	emissions.	Some	major	emitters	have	recently	pledged	to	reach	net	zero	emissions	by	2050-2060,	including	the	US,	UK,	EU	and	Japan.	4.	What	are	the	main	limitations	or
uncertainties	in	current	carbon	accounting?	Key	limitations	include	data	gaps,	inconsistent	methodologies,	difficulties	attributing	emissions	sources,	quantifying	natural	fluxes	and	limited	verification.	Uncertainties	in	annual	national	inventories	are	typically	estimated	to	range	from	around	5%	to	10%	but	can	be	higher	for	some	source	categories.
There	are	ongoing	efforts	to	improve	accounting	and	reduce	uncertainty.	CO₂	emissions	per	unit	of	GDP,	also	known	as	global	carbon	intensity,	fell	by	0.5%	in	2021.	This	is	a	significant	figure	but	still	far	from	sufficient	if	the	aim	is	to	reduce	global	temperatures	by	1.5°C	in	the	coming	years.	In	fact,	to	reach	the	value	included	in	the	Paris	Agreement,
it	would	have	to	rise	to	15.2	%.	However,	more	and	more	efforts	are	being	made	to	achieve	this.	For	example,	the	United	Kingdom	has	been	the	first	country	to	commit	by	law	to	have	neutral	emissions	in	2050.	Furthermore,	the	27	members	of	the	EU,	like	the	United	States,	want	to	be	climate	neutral	by	2030	which	means	that,	by	then,	emissions
should	be	reduced	by	55%.	In	order	to	achieve	this,	it	is	essential	for	SMEs	and	micro-SMEs	to	measure	their	carbon	footprint	and	establish	sustainability	strategies.	The	carbon	footprint	is	defined	as	the	total	trace	of	greenhouse	gases	produced	by	daily	and	economic	activities	that	people	carry	out.	This	factor	is	part	of	the	environmental	footprint
and	is	expressed	in	tonnes	emitted	during	a	given	period	of	time	(hours,	days,	weeks,	months,	years…).	These	can	be	of:	Carbon	dioxide	(CO₂).	Nitrogen	oxide	(N₂O).	Methane	(CH4).	Sulphur	hexafluoride	(SF6).	Perfluorocarbons	(PFCs).	Hydroflurocarbons	(HFCs).	Since	1961,	the	human	carbon	footprint	has	increased	eleven-fold.	It	now	accounts	for
60%	of	humanity’s	total	impact	on	the	environment.	However,	it	is	not	only	people	and	companies	that	leave	a	carbon	footprint.	Services	and	products	do	too,	as	they	emit	greenhouse	gases	before	(during	the	extraction	of	raw	materials,	their	manufacture	and	transport),	during	(e.g.	when	driving	a	car)	and	after	the	end	of	its	useful	life	(when	it	needs
to	be	recycled	or	disposed	of).	Reporting	on	GHG	emissions	varies	across	jurisdictions.	Mandatory	GHG	reporting	programs	can	be	found	in	40	countries	around	the	globe,	including	the	UK	and	many	EU	member	states.	The	carbon	footprint	is	the	result	of	multiplying	these	two	values:	Activity	data.	Its	function	is	to	define	the	volume	of	CO2	emissions
generated	by	the	activity.	This	would	be	the	case,	for	example,	of	the	kWh	of	natural	gas	used	for	heating.	Emission	factor.	This	represents	the	amount	of	greenhouse	gases	emitted	by	each	unit	represented	in	the	previous	section.	In	order	to	apply	this	formula,	it	is	necessary	to	know	in	detail	the	consumption	of	electricity	and	fossil	fuels,	as	well	as
their	corresponding	emission	factors.	For	example,	that	of	natural	gas	mentioned	above	is	0.202	kg	CO₂	eq/kWh.	Although	this	data	is	of	vital	importance,	there	is	no	single	method	for	calculating	the	corporate	carbon	footprint.	This	is	the	case,	for	example,	with	the	Greenhouse	Gas	Protocol	(GHG),	as	well	as	the	EU	standard	ISO	14064-1.	However,
the	most	important	of	those	currently	in	use	is	the	TCFD	(Task	Force	for	Climate-related	Financial	Disclosures).	It	was	established	by	the	UK’s	Financial	Stability	Board	(FSB)	in	2015;	it	considers	both	the	carbon	footprint	and	exposure	to	its	assets	and	intensity	as	defined	in	the	introduction	to	this	article.	Today,	134	industrial	companies	are
responsible	for	80%	of	total	greenhouse	gas	emissions.	However,	98%	did	not	provide	evidence	in	2021	that	their	activities	take	into	account	the	environment.	This	was	reflected	in	their	financial	reports,	which	made	a	key	omission	for	investors.	Taking	climate-related	risks	into	account	is	essential,	which	is	why	the	use	of	the	TCFD	methodology	is
important	now	more	than	ever.	By	following	these	steps,	it	is	possible	to	calculate	the	carbon	footprint	of	any	business:	Choose	the	year	in	which	to	calculate.	Establish	the	operational	boundaries	of	the	organisation.	This	is	the	case,	for	example,	for	the	areas	included	in	the	calculations	and	the	identification	of	the	emitting	sources.	Collect
consumption	data.	Both	in	terms	of	direct	emissions	(fuel	consumption	of	buildings	and	vehicles)	and	indirect	emissions	(electricity,	subcontracted	services,	business	travel	by	train	or	plane,	etc.).	Multiply	activity	data	by	emission	factors.	A	good	tip	is	to	set	up	a	system	for	collecting	information	that	can	be	used	to	calculate	the	carbon	footprint	in
future	years.	This	will	make	the	task	less	complex	in	the	future.	In	any	case,	once	the	data	has	been	obtained,	it	is	time	to	think	about	how	to	reduce	the	carbon	print.	All	companies	should	have	a	plan	in	place	to	reduce	their	emissions	going	forward.	The	goal	is	to	reach	Net	Zero:	the	state	whereby	the	actions	taken	by	the	company	have	no	impact	on
the	environment	in	terms	of	greenhouse	gas	emissions.	However,	to	properly	manage	a	company’s	carbon	footprint,	the	UK’s	DEFRA	(Department	for	Environment,	Food	and	Rural	Affairs)	outlines	four	steps.	Essentially,	this	involves	identifying	the	company’s	main	sources	of	greenhouse	gas	emissions,	which	is	followed	by	drawing	up	a	plan	to
reduce	said	emissions.	For	example,	raising	the	thermostat	temperature	in	summer	by	a	few	degrees,	buying	LED	lighting	or	installing	enclosures	to	prevent	energy	leakage.	This	is	an	interesting	option	when	the	company	cannot	sufficiently	reduce	emissions	from	its	activity.	In	particular,	external	emission	reductions	are	called	«carbon	offset
credits».	Each	is	equivalent	to	one	tonne	of	carbon	dioxide.	They	are	bought	from	CO₂	absorption	projects	and,	through	them,	finance	their	continued	work.	For	example,	imagine	that	a	company,	after	a	lot	of	work,	still	emits	1000	tonnes	of	CO₂	per	year.	In	that	case,	it	can	buy	1000	carbon	offset	credits.	This	external	agent	will	be	responsible	for
carrying	out	work	to	reabsorb	this	amount	of	greenhouse	gases.	Naturally,	there	are	many	external	emission	reduction	projects	and	each	has	its	own	characteristics.	The	most	common	include:	Carbon	offsetting.	This	is	the	most	common	type	of	emission	reduction	project.	It	involves	buying	credits	such	as	those	described	above	to	offset	the	excess
emissions	generated	by	the	company	and	comply	with	legal	regulations.	There	is	a	mandatory	market	for	large	corporations	and	governments,	along	with	a	voluntary	market	for	small	consumers.	Green	tariffs.	Green	tariffs	are	tariffs	that	guarantee	that	the	energy	supplied	to	the	business	comes	from	renewable	sources.	This	is	particularly	common
for	electricity,	but	impossible	for	fossil	fuels.	Transparency	is	key	in	business.	Therefore,	within	the	corporate	financial	statements,	the	purchase	of	these	offsets	must	be	included	and	failure	to	do	so	can	be	seen	as	bad	faith	towards	external	investors.	Companies	have	other	ways	to	reduce	their	carbon	footprint:	Develop	energy	efficiency	plans.
Electrify	their	vehicle	fleet.	Replace	refrigerant	gases	with	ones	that	create	less	damage	to	the	environment.	Prioritise	rail	travel	over	air	travel.	Encourage	telecommuting	to	avoid	unnecessary	travel.	A	carbon	footprint	certificate	is	a	document	that	verifies	that	a	company	meets	certain	requirements	in	terms	of	greenhouse	gas	emissions.	It	is	only
awarded	by	official	or	externally	accredited	bodies	for	this	purpose.	In	essence,	a	carbon	footprint	certificate	gives	credibility	to	the	products	offered	by	companies.	This	type	of	certificate	confirms	that	they	have	been	obtained	by	trying	to	generate	as	little	impact	as	possible	and	through	environmentally	responsible	practices.	Carbon	footprint
certificates	vary	according	to	each	country’s	regulation.	According	to	Royal	Decree	163/2014	in	Spain,	carbon	footprint	certificates	are	recognised	as	being	issued	by	entities	accredited	by:	GHG	Protocol.	PAS	2050.	ISO	14064.	ISO	14067.	ISO	14069:2013.	Any	other	operational	entity	(DOE)	or	accredited	entity	(IEA)	designated	by	the	UN	under	the
Kyoto	Protocol.	Still	unsure	where	to	turn	to	measure	your	carbon	footprint?.	Use	our	tool	to	measure	your	emissions.	If	you	have	any	questions	or	queries,	please	do	not	hesitate	to	contact	us.		Subscribe	to	our	resource	hub	to	keep	up	to	date	with	the	latest	trends	in	the	sector	carbon	footprintClimate	changeemissions	Share	content:	They’re	invisible
and	odorless	yet	all	around	us.	They	float	in	the	air	in	tiny	amounts	yet	have	profound	impacts	on	our	world.	The	challenge	of	reducing	their	concentrations	has	given	rise	to	global	treaties,	billions	of	dollars	in	government	and	corporate	spending	and	impassioned	political	debates.They’re	greenhouse	gases	—	a	coterie	of	airborne	molecules	that	trap
light	radiating	from	Earth’s	surface,	warming	the	planet	and	making	extreme	weather	more	likely	and	destructive.	So	serious	is	the	global	warming	problem	that	in	1994,	the	nations	of	the	world	committed	themselves	to	stabilize	greenhouse	gas	concentrations	“at	a	level	that	would	prevent	dangerous	anthropogenic	(human-induced)	interference
with	the	climate	system.”Yet	30	years	later,	the	world	is	still	struggling	to	rein	in	these	troublesome	gases.	Despite	decades	of	global	treaties,	negotiations	and	agreements,	the	atmospheric	concentrations	of	most	greenhouse	gases	have	risen	relentlessly.	The	exceptions	are	chlorofluorocarbons,	or	CFCs	—	ozone-depleting	coolant	gases	whose	use
was	phased	out	by	the	1987	Montreal	Protocol.	Credit:	NOAA	Global	Monitoring	Laboratory	To	know	if	actions	taken	to	stabilize	greenhouse	gas	levels	are	working,	we	must	measure	the	concentrations	of	these	gases	in	the	atmosphere	over	time.	That	means	accurately	detecting	them	in	tiny	amounts:	carbon	dioxide	in	the	hundreds	of	parts	per
million	(or	micromoles	per	mole),	methane	in	thousands	of	parts	per	billion,	nitrous	oxide	in	the	hundreds	of	parts	per	billion,	and	gases	known	as	fluorinated	hydrocarbons	at	even	lower	levels.GasChemical	symbolGlobal	warming	potential	(how	much	warming	one	molecule	causes	over	100	years,	relative	to	a	molecule	of	CO2)Concentration	in	the
atmosphere	(2023	global	average	measured	in	micromoles	per	mole,	or	parts	per	million)Carbon	dioxide	(CO2)	1419Methane	(CH4)	27	–	301.92Nitrous	oxide	(N2O)	2730.337Fluorinated	gasesVarious1,000s	–	10,000sVaries	(but	less	than	1	part	per	trillion	for	any	individual	gas)Source:	Global	warming	potential	data	from	EPA;	greenhouse	gas
concentration	data	from	NOAAFortuitously,	the	same	feature	that	causes	greenhouse	gases	to	heat	the	planet	can	be	used	to	detect	and	measure	their	concentrations.	A	Unique	‘Fingerprint’That	feature	is	the	fact	that	gas	molecules	absorb	light.	Indeed,	all	objects,	from	tiny	molecules	to	massive	stars	and	planets,	absorb	and	radiate	light.But	the
colors	—	or	light	wavelengths	—	that	different	gases	and	objects	radiate	and	absorb	can	vary	dramatically.	The	Sun,	with	a	broiling-hot	surface	temperature	of	around	5,600	degrees	Celsius	(10,000	degrees	Fahrenheit),	radiates	most	strongly	at	relatively	short	wavelengths	of	hundreds	of	nanometers	—	or	billionths	of	a	meter.	These	are	colors	of	light
we	can	see.Even	as	sunlight	warms	the	Earth,	our	planet	remains	much	cooler	than	the	Sun	and	radiates	entirely	in	infrared	light.	Infrared	light	has	wavelengths	longer	than	1	micrometer	(millionths	of	a	meter)	that	we	can’t	see	—	at	least	not	without	special	goggles.Greenhouse	gas	molecules	absorb	some	of	this	infrared	light,	warm	up	and	then
transfer	heat	to	other	molecules	in	the	atmosphere	through	collisions.	The	warmed	atmosphere	also	radiates	infrared	light.	Some	of	this	radiation	heads	out	to	space,	but	some	goes	toward	Earth,	warming	the	planet’s	surface	further.	Overall,	this	warming	is	a	good	thing:	Without	any	greenhouse	effect,	Earth’s	surface	would	be	frigid,	with	an	average
temperature	of	minus	18	degrees	Celsius	(zero	degrees	Fahrenheit)	—	and	life	as	we	know	it	would	not	exist!	But	the	greenhouse	effect	becomes	too	much	of	a	good	thing	when	we	add	a	lot	of	heat-trapping	molecules	to	the	atmosphere.	Most	of	these	molecules	are	carbon	dioxide,	which	is	emitted	when	coal,	oil	and	gas	are	burned	for	energy;	some
carbon	dioxide	also	comes	from	burning	forests	and	soil	that	is	plowed	or	disturbed	for	agriculture.	Methane	is	emitted	mainly	from	livestock,	oil	and	gas	wells	and	pipelines,	landfills	and	wetlands;	nitrous	oxide	comes	from	farm	fields	and	factories;	and	fluorinated	gases	leak	from	cooling	equipment.Each	type	of	greenhouse	gas	molecule	absorbs	a
unique	set	of	light	wavelengths,	creating	a	sort	of	spectral	fingerprint.	Just	as	your	fingerprint	can	identify	you	among	the	billions	of	people	on	Earth,	the	absorption	spectra	of	molecules	can	be	used	to	identify	them,	thanks	to	a	set	of	powerful	techniques	known	collectively	as	spectroscopy.	“Spectral	fingerprints”	of	the	most	important	greenhouse
gases,	and	the	absorption	spectrum	of	the	atmosphere	as	a	whole.	(In	addition	to	gases	that	humans	emit,	water	vapor	is	an	important,	naturally	occurring	greenhouse	gas	that	absorbs	infrared	radiation	from	Earth’s	surface.)	To	measure	a	particular	gas,	scientists	choose	a	light	wavelength	that	only	that	gas	absorbs	—	4.26	microns	for	carbon
dioxide,	for	example.	“Absorbance”	means	the	fraction	of	infrared	light	absorbed	by	a	gas	at	a	particular	wavelength.	Credit:	Data	generated	and	visualized	by	Adam	Fleisher/NIST	These	techniques	involve	allowing	infrared	light	to	pass	through	air	—	essentially	mimicking	the	planet’s	radiation	—	then	collecting	the	light	with	a	detector.	Because
each	gas	absorbs	light	at	specific	wavelengths,	scientists	can	use	the	amount	of	light	detected	at	those	wavelengths	to	determine	how	much	of	each	gas	is	present.	Credit:	B.	Viana/NIST	Spectroscopy	comes	in	many	flavors	and	uses	a	variety	of	instruments.	Which	flavor	a	scientist	chooses	depends	on	their	goals	and	how	precise	an	estimate	they
need.(An	important	caveat:	While	this	article	focuses	on	spectroscopy,	there	are	myriad	other	ways	to	measure	greenhouse	gases.	For	example,	analyzers	used	in	the	field	to	measure	methane	or	nitrous	oxide	emissions	from	farms	often	use	a	method	known	as	gas	chromatography.)A	World-Changing	Measurement	MethodOne	of	the	best-established
ways	to	measure	greenhouse	gas	concentrations	is	called	nondispersive	infrared,	or	NDIR,	spectroscopy.An	NDIR	spectroscopy	measurement	starts	by	sucking	air	into	a	tube.	An	infrared	lamp	shines	light	into	the	tube	at	one	end,	and	the	light	is	measured	at	the	other.	In	front	of	the	detector,	a	filter	removes	most	wavelengths	outside	a	narrow	range
that	the	gas	of	interest	absorbs.	One	common	wavelength	used	to	detect	carbon	dioxide	is	4.26	microns,	or	millionths	of	a	meter	—	roughly	one-fifth	the	width	of	a	thin	human	hair.In	a	second	tube,	the	same	infrared	light	passes	through	a	gas	such	as	nitrogen	that	does	not	absorb	any	of	the	light.	The	difference	between	the	amount	of	light	detected
in	the	two	tubes	indicates	how	much	carbon	dioxide	(or	other	gas)	is	in	the	air	sample.To	turn	the	detector	reading	into	an	accurate	measurement,	the	instrument	must	be	calibrated	by	measuring	light	that	passes	through	purified	air	with	a	known	concentration	of	the	gas	of	interest.	NDIR	spectroscopy	has	played	a	key	role	in	one	of	history’s	most
important	measurement	campaigns.	It	started	in	1958,	when	Charles	David	Keeling,	a	researcher	with	the	Scripps	Institution	of	Oceanography,	took	readings	of	atmospheric	carbon	dioxide	first	at	the	Scripps	campus	in	San	Diego	and	then	at	the	Mauna	Loa	Observatory,	near	the	summit	of	Mauna	Loa	in	Hawai‘i.	On	its	first	day	of	operation,	the
instrument	measured	an	atmospheric	greenhouse	gas	concentration	of	313	parts	per	million.	In	other	words,	out	of	a	million	molecules	of	air,	313	were	carbon	dioxide.	Keeling	improved	his	measurements	over	time	by	incorporating	standardized	calibration	gases,	as	described	above.	His	data	series,	which	became	known	as	the	Keeling	Curve,	showed
definitively	that	the	amount	of	carbon	dioxide	in	the	air	was	increasing.	It	also	showed	that	carbon	dioxide	fluctuates	seasonally,	with	summertime	lows	caused	by	plants	in	the	Northern	Hemisphere	“inhaling”	the	gas	and	growing	leaves	alternating	with	wintertime	highs	caused	by	leaves	decomposing	and	“exhaling”	carbon	dioxide	back	to	the
atmosphere.			The	Keeling	Curve.	Until	2012,	the	data	for	the	curve	came	from	NDIR	measurements.	Credit:	Scripps	Institution	of	Oceanography	at	UC	San	Diego	The	Keeling	Curve	continues	to	this	day.	In	May	2024,	it	reached	an	ominous	new	record:	426.89	parts	per	million,	36%	higher	than	when	it	started.	The	Scripps	program	has	been	joined
by	a	larger	program	run	by	the	National	Oceanic	and	Atmospheric	Administration	(NOAA),	which	monitors	greenhouse	gas	concentrations	at	Mauna	Loa	and,	in	collaboration	with	other	nations,	more	than	50	other	locations	around	the	world.	For	most	of	its	history,	NOAA’s	carbon	dioxide	measurements	relied	on	the	same	NDIR	technology	Keeling
used.Striving	for	Higher	PrecisionA	newer	measurement	technique	called	cavity	ring-down	spectroscopy,	or	CRDS,	is	one	of	the	most	precise	ways	scientists	have	developed	to	measure	greenhouse	gases.	CRDS	instruments	pull	an	air	sample	into	a	small	chamber	whose	ends	comprise	two	or	more	mirrors	that	have	been	finely	polished	and	designed
to	be	extremely	reflective.	An	infrared	laser	tuned	to	a	color	absorbed	by	the	gas	of	interest	shines	into	the	chamber	and	is	then	turned	off.The	laser	light	bounces	back	and	forth	thousands	of	times,	traveling	as	far	as	the	distance	from	Philadelphia	to	New	York	while	confined	inside	a	chamber	just	75	centimeters	long.	That	gives	the	light	much	more
time	to	interact	with	the	molecules	in	the	chamber,	amplifying	the	measurement	sensitivity.	(It’s	also	why	the	technique	is	sometimes	called	long-path	spectroscopy.)Key	to	the	method	is	that	at	least	one	mirror	is	not	completely	reflective.	Every	time	the	laser	light	hits	such	a	mirror,	a	tiny	bit	leaks	out,	and	the	intensity	of	the	light	remaining	in	the
chamber	decreases	slightly	—	a	process	called	“ring-down.”	Over	time,	the	intensity	traces	a	well-known	shape	known	as	an	exponential	decay	curve.	If	a	greenhouse	gas	such	as	carbon	dioxide	is	in	the	chamber,	it	will	absorb	some	of	the	infrared	laser	light,	making	the	light	intensity	inside	the	chamber	decline	more	quickly.	By	comparing	how	fast
the	intensity	falls	in	a	chamber	containing	a	greenhouse	gas	to	one	with	no	absorbing	gases,	the	instrument	can	produce	a	highly	accurate	estimate	of	the	gas	concentration.For	accuracy	in	the	field,	similar	to	NDIR,	a	commercial	CRDS	instrument	requires	a	cylinder	of	standardized	reference	air	for	calibration	—	but	it	requires	much	less	of	the
gas.NIST	scientists	and	collaborators	have	put	CRDS	sensors	on	towers	to	create	monitoring	networks	in	three	metropolitan	areas:	Los	Angeles,	Indianapolis	and	the	Washington,	D.C.-Baltimore	region.	The	measurements	enabled	the	researchers	to	detect	a	drop	in	carbon	dioxide	emissions	in	LA	and	D.C.-Baltimore	at	the	beginning	of	the	COVID
pandemic,	and	a	several-year	decline	in	methane	emissions	in	the	D.C.-Baltimore	region,	possibly	as	leaks	in	underground	gas	pipes	were	detected	and	fixed.The	sensitivity	of	CRDS	also	allows	scientists	to	measure	not	just	the	total	concentration	of	carbon	dioxide	in	a	sample,	but	the	amounts	of	different	variants	of	carbon.	Naturally	occurring	carbon
dioxide	in	the	air	includes	a	small	amount	of	a	radioactive	type	(or	isotope)	of	carbon	known	as	C-14.	But	fossil	fuels	that	have	been	buried	for	millions	of	years	have	no	C-14	left.	By	measuring	the	concentration	of	C-14-containing	carbon	dioxide	in	a	sample,	scientists	can	determine	how	much	of	the	gas	came	from	fossil	fuels	being	burned.And
recognizing	the	advantages	of	cavity	ring-down	spectroscopy,	both	Scripps	and	NOAA	have	installed	CRDS	analyzers	at	the	Mauna	Loa	Observatory,	incorporating	the	method	into	their	monitoring	programs.A	View	From	AboveNDIR	and	CRDS	are	powerful	methods,	but	these	instruments	measure	greenhouse	gases	in	just	one	location	at	a	time.	In
recent	years,	a	growing	flotilla	of	airplanes	and	satellites	has	taken	to	the	skies	to	peer	down	on	Earth,	measure	greenhouse	gases	over	large	areas	or	even	the	entire	globe	and,	using	computer	modeling	and	weather	data,	attempt	to	figure	out	where	they	are	coming	from	and	in	what	quantities.	Some	of	these	planes	and	satellites	are	operated	by
government	agencies;	others	are	run	by	nonprofits	and	companies.	Artist’s	conception	of	NASA’s	Orbiting	Carbon	Observatory	2,	which	launched	in	2014	to	measure	carbon	dioxide	concentrations	around	the	globe.	Credit:	NASA/JPL-Caltech	Many	of	these	greenhouse	gas-measuring	satellites	and	airplanes	use	spectroscopy	—	but	a	very	different
flavor	from	NDIR	and	CRDS.	Their	light	source	is	sunlight	that	reflects	off	Earth’s	surface,	travels	through	the	atmosphere	and	arrives	at	a	detector	that	could	be	up	to	hundreds	of	kilometers	above	the	ground.Satellites	and	airplanes	measure	greenhouse	gases	not	just	in	one	spot	but	in	a	column	of	air	stretching	from	the	ground	to	the	height	of	the
sensor.	They	excel	at	surveying	large	areas	and	spotting	plumes	of	gases	emitted	by	larger	sources	such	as	heavily	leaking	oil	and	gas	fields	—	often	called	“super-emitters.”Unlike	NDIR	and	CRDS	sensors,	airborne	sensors	cannot	be	continuously	calibrated	to	a	standardized	reference	gas.	They	instead	rely	on	reference	spectra	based	on	precise
laboratory	measurements,	and	they	compare	the	amount	of	reflected	light	absorbed	by	a	greenhouse	gas	such	as	carbon	dioxide	or	methane	to	that	absorbed	by	oxygen,	whose	atmospheric	concentration	is	well	known	and	very	stable.	Satellites’	infrared	cameras	are	also	calibrated	to	ones	on	the	ground	that	point	at	the	Sun	and	measure	the	infrared
light	coming	in.Recent	studies	have	demonstrated	how	satellite-	and	airplane-based	sensors	can	improve	our	understanding	of	methane	sources.	For	example,	aerial	measurements	have	found	that	some	oil	and	gas	fields	seem	to	be	emitting	surprisingly	large	amounts	of	methane.	Methane	can	leak	from	well	sites,	processing	facilities	and	pipes.	And
because	it	is	a	powerful	greenhouse	gas,	undetected	leaks	can	cause	a	lot	of	climate	warming.	Since	gas	is	valuable,	oil	producers	have	an	incentive	to	plug	these	leaks,	helping	both	the	climate	and	their	bottom	line.Other	recent	studies	using	sensors	aboard	both	airplanes	and	satellites	have	found	that	landfills	in	the	U.S.	may	also	be	leaking	more
methane	than	previously	thought.	Methane	is	produced	when	organic	materials	such	as	food	break	down	in	landfills	in	the	absence	of	oxygen.	Since	landfills	exist	around	the	country	and	the	world,	some	of	the	detected	methane	molecules	could	have	originated	from	a	fruit	peel	or	coffee	grounds	that	you	discarded!Selected	greenhouse	gas	datasets
generated	by	airplane	and	satellite	sensors	are	available	at	the	recently	launched	U.S.	Greenhouse	Gas	Center,	a	joint	project	of	NIST,	NASA,	EPA	and	NOAA.Combing	for	GasesA	fourth,	more	experimental,	technique	uses	a	device	called	a	frequency	comb.	Frequency	combs	were	invented	to	build	ultra-accurate	atomic	clocks,	but	they	have	proved
excellent	at	recognizing	molecules	floating	in	the	air.	A	frequency	comb	is	essentially	a	laser	that	emits	light	at	thousands	of	fine-tuned	colors,	or	wavelengths,	at	once.	In	atomic	clocks,	these	comb	“teeth”	are	used	to	measure	the	color	of	a	laser	that’s	tuned	to	a	frequency	at	which	an	atom	absorbs	light.To	measure	greenhouse	gases,	scientists	shine
the	multicolored	comb	light	through	the	air	toward	a	mirror,	which	reflects	the	light	back	to	its	source,	where	the	various	wavelengths	are	measured	using	a	second	frequency	comb.	In	an	alternate	setup,	the	comb	colors	hit	a	telescope	and	are	detected	and	measured	there.As	in	the	previous	examples,	this	dual-frequency	comb	technique	uses	the
fact	that	greenhouse	gases	in	the	air	selectively	remove	certain	colors.	Because	the	comb	puts	out	thousands	of	colors	rather	than	just	one,	it	can	measure	concentrations	of	numerous	gases	at	once.	It	can	be	as	accurate	as	CRDS.Frequency	combs	can	also	measure	the	concentrations	over	a	several-square-kilometer	area,	rather	than	just	in	one
location	or,	as	in	the	case	of	satellites	and	airplanes,	in	a	vertical	column	of	air.This	makes	the	frequency	comb	method	a	candidate	for	measuring	methane	emitted	by	large,	dispersed	sources	such	as	oil	and	gas	fields,	cattle	feedlots,	landfills	and	wastewater	treatment	plants,	and	for	tracking	greenhouse	gas	emissions	in	urban	areas.Read	more	about
how	frequency	combs	are	used	to	measure	greenhouse	gases.	NIST	researchers	used	a	laser	frequency-comb	instrument	(illustration	at	lower	right)	to	simultaneously	measure	three	airborne	greenhouse	gases	—	nitrous	oxide,	carbon	dioxide	and	water	vapor	—	plus	the	major	air	pollutants	ozone	and	carbon	monoxide	over	two	round-trip	paths
(arrows)	from	a	NIST	building	in	Boulder,	Colorado,	to	a	reflector	on	a	balcony	of	another	building,	and	another	reflector	on	a	nearby	hill.		Credit:	N.	Hanacek/NIST	Myriad	Methods;	One	GoalGreenhouse	gas	measurement	has	come	a	long	way	since	Charles	Keeling.	Scientists	now	measure	these	gases	all	over	the	world,	at	high	precision,	from	the
ground,	from	the	air	and	from	space.	In	the	coming	years,	these	measurements	will	help	governments,	companies	and	others	pinpoint	the	sources	of	greenhouse	gases	and	monitor	the	impacts	of	efforts	taken	to	reduce	emissions.	Ultimately,	they	may	help	reduce	the	amounts	of	these	gases	in	the	atmosphere	—	a	goal	of	global	importance,	and	one
many	decades	in	the	making.	Carbon	Footprint	Definition	In	an	era	of	increasing	environmental	awareness	and	climate	concerns,	the	term	"carbon	footprint"	has	become	increasingly	prevalent.	But	what	exactly	does	it	mean?	This	article	aims	to	provide	an	in-depth	understanding	of	the	concept,	its	significance,	and	its	role	in	our	efforts	to	mitigate
the	impacts	of	climate	change.	The	carbon	footprint	refers	to	the	total	amount	of	greenhouse	gas	(GHG)	emissions	that	are	directly	or	indirectly	caused	by	an	individual,	event,	organization,	or	product.	These	emissions	are	typically	measured	in	units	of	carbon	dioxide	equivalent	(CO2e)	and	contribute	to	the	greenhouse	effect,	which	traps	heat	in	the
Earth’s	atmosphere	and	leads	to	global	warming.	Every	human	activity,	from	industrial	processes	to	daily	routines,	leaves	a	carbon	footprint.	It	encompasses	a	wide	range	of	emissions,	including	carbon	dioxide	(CO2),	methane	(CH4),	nitrous	oxide	(N2O),	and	fluorinated	gases.	While	carbon	dioxide	is	the	most	prevalent	and	widely	recognized
greenhouse	gas,	other	gases	also	play	significant	roles	in	the	overall	climate	impact.	Calculating	carbon	footprints	involves	a	comprehensive	assessment	of	various	activities	and	processes.	For	individuals,	it	includes	emissions	from	transportation,	energy	use	in	homes	and	offices,	consumption	of	goods	and	services,	and	even	the	food	we	eat.
Organizations,	on	the	other	hand,	have	more	complex	footprints,	encompassing	emissions	from	their	operations,	supply	chains,	and	the	use	of	their	products.	Here's	a	simplified	breakdown	of	the	main	contributors	to	an	individual's	carbon	footprint:	Category	Typical	Emissions	Transportation	Carbon	dioxide	from	cars,	planes,	and	public	transport
Energy	Carbon	dioxide	and	other	gases	from	electricity	generation	and	home	heating/cooling	Consumption	Emissions	from	the	production,	transportation,	and	disposal	of	goods	and	services	Food	Methane	and	nitrous	oxide	from	agriculture,	land	use,	and	food	waste	It's	important	to	note	that	carbon	footprints	can	vary	significantly	depending	on
factors	such	as	location,	lifestyle,	and	industry.	For	instance,	emissions	from	air	travel	are	much	higher	for	frequent	flyers,	while	certain	industries,	like	cement	production	or	agriculture,	have	inherently	larger	carbon	footprints.		Carbon	footprint	calculations	are	not	limited	to	CO2	emissions	alone.	Other	GHGs,	such	as	methane	and	nitrous	oxide,	are
often	included	and	adjusted	for	their	global	warming	potential	to	provide	a	more	accurate	picture	of	environmental	impact.	Grasping	the	concept	of	carbon	footprints	is	crucial	for	several	reasons:	Climate	Change	Mitigation:	By	understanding	our	carbon	footprints,	we	can	identify	areas	where	emissions	can	be	reduced.	This	knowledge	allows
individuals,	businesses,	and	governments	to	develop	strategies	to	lower	their	environmental	impact	and	contribute	to	global	climate	goals.	Sustainable	Decision-Making:	Carbon	footprint	awareness	enables	us	to	make	more	informed	choices.	From	selecting	energy-efficient	appliances	to	choosing	low-carbon	transportation	options,	our	decisions	can
collectively	make	a	significant	difference	in	reducing	global	emissions.	Corporate	Responsibility:	For	businesses,	calculating	carbon	footprints	is	a	step	towards	environmental	accountability.	It	helps	identify	areas	for	improvement	in	operations,	supply	chains,	and	product	design,	leading	to	more	sustainable	practices	and	potentially	new	market
opportunities.	Consumer	Awareness:	Understanding	carbon	footprints	empowers	consumers	to	make	environmentally	conscious	choices.	Whether	it's	opting	for	locally	produced	goods	to	reduce	transportation	emissions	or	choosing	energy-efficient	appliances,	consumers	can	actively	contribute	to	emissions	reduction.	Reducing	carbon	footprints	is	a
collective	effort	that	involves	actions	at	various	levels.	Here	are	some	key	strategies	and	solutions:	Energy	Efficiency:	Improving	energy	efficiency	in	homes,	offices,	and	industries	can	significantly	reduce	carbon	footprints.	This	includes	using	energy-efficient	appliances,	insulating	buildings,	and	adopting	renewable	energy	sources.	Sustainable
Transportation:	Choosing	low-carbon	transportation	options,	such	as	walking,	cycling,	or	using	public	transport,	can	drastically	lower	individual	carbon	footprints.	For	longer	distances,	electric	vehicles	and	high-speed	rail	are	more	environmentally	friendly	alternatives.	Sustainable	Consumption:	Opting	for	locally	produced	goods,	reducing	food	waste,
and	choosing	products	with	minimal	packaging	can	all	contribute	to	lower	carbon	footprints.	Additionally,	supporting	sustainable	and	circular	business	models	can	drive	systemic	change.	Offsetting	Emissions:	For	certain	activities	that	are	difficult	to	avoid,	such	as	long-distance	travel,	individuals	and	businesses	can	offset	their	emissions	by	investing
in	projects	that	reduce	or	remove	greenhouse	gases	from	the	atmosphere,	such	as	reforestation	or	renewable	energy	initiatives.	Policy	and	Advocacy:	Advocating	for	policies	that	promote	sustainable	practices	and	reduce	emissions	at	a	systemic	level	is	crucial.	This	includes	supporting	renewable	energy	initiatives,	advocating	for	better	public
transport	infrastructure,	and	pushing	for	more	stringent	environmental	regulations.	While	individual	actions	are	important,	systemic	changes	are	often	necessary	to	make	a	substantial	impact	on	carbon	footprints.	This	is	where	collaboration	between	individuals,	businesses,	and	governments	becomes	crucial.	By	working	together,	we	can	accelerate
the	transition	to	a	low-carbon	economy	and	mitigate	the	impacts	of	climate	change.	The	concept	of	carbon	footprints	is	a	powerful	tool	for	understanding	and	addressing	our	environmental	impact.	By	recognizing	the	various	contributors	to	our	carbon	footprints	and	implementing	strategies	to	reduce	them,	we	can	collectively	make	a	difference	in	the
fight	against	climate	change.	It	is	a	journey	that	requires	continuous	learning,	adaptation,	and	collaboration,	but	one	that	is	essential	for	a	sustainable	future.	+	The	average	global	carbon	footprint	per	person	varies	widely,	influenced	by	factors	such	as	economic	development,	energy	sources,	and	lifestyle	choices.	As	of	[most	recent	data],	the	average
global	carbon	footprint	is	approximately	[value]	metric	tons	of	CO2e	per	person	per	year.	However,	this	figure	can	range	significantly,	with	higher-income	countries	typically	having	larger	carbon	footprints	due	to	greater	energy	consumption	and	industrial	activities.	+	Calculating	your	personal	carbon	footprint	involves	assessing	your	emissions	from
various	activities,	such	as	transportation,	energy	use,	and	consumption.	There	are	numerous	online	calculators	and	tools	available	that	can	help	you	estimate	your	footprint.	These	tools	often	consider	factors	like	your	location,	energy	sources,	and	personal	choices	to	provide	a	more	accurate	estimate.	+	Yes,	certain	industries	have	inherently	larger
carbon	footprints	due	to	the	nature	of	their	operations.	Some	of	the	most	carbon-intensive	sectors	include	fossil	fuel	extraction	and	refining,	cement	production,	steel	manufacturing,	and	agriculture,	particularly	livestock	farming.	These	sectors	often	require	significant	energy	inputs	and	produce	large	amounts	of	greenhouse	gas	emissions.	3-minute
read	Build	your	understanding	of	greenhouse	gas	emissions	inventories,	what	to	measure,	and	why	it	is	important.	Measuring	greenhouse	gas	emissions	is	a	crucial	component	of	sustainability	policies	and	smart	decision-making.	Across	Alberta,	municipalities	are	taking	note	of	their	carbon	footprint	by	cataloguing	and	tracking	emissions	through	a
greenhouse	gas	(GHG)	emissions	inventory.	A	GHG	emissions	inventory	is	a	list	of	the	source	of	GHG	emissions	produced	by	a	municipality.	This	list	details	where	emissions	are	coming	from.	The	emissions	are	calculated	based	on	a	specific	location	and	duration	of	time.	For	example,	the	electricity	used	to	light	your	recreation	facility	can	be	a	source
of	GHG	emissions.	Major	greenhouse	gases	include	carbon	dioxide,	water	vapor,	methane,	nitrous	oxide,	and	ozone.	Too	much	of	these	greenhouse	gases	accelerate	the	greenhouse	gas	effect,	which	is	warming	our	planet	at	an	alarming	rate.	The	unit	of	measure	used	in	a	GHG	inventory	is	tonnes	of	carbon	dioxide	equivalent	(tCO2e).	This	value
represents	different	greenhouse	gases	and,	their	varying	global	warming	potentials	converted	into	equivalent	tonnes	of	carbon	dioxide.	Carbon	dioxide	is	often	used	to	represent	the	vast	majority	of		GHG	emissions.	Carbon	dioxide	emissions	can	be	hard	to	visualize.	Figure	1	demonstrates	this	at	ground-level	pressure	and	temperature,	as	one	tonne	of
carbon	dioxide	would	fill	a	sphere	ten	meters	in	diameter.	Figure	1.	Source:	Carbon	Visuals	A	typical	GHG	emissions	inventory	identifies:	what	greenhouse	gases	are	emitted;	where	they	are	emitted;when	they	are	emitted;why	the	emissions	are	created;	andhow	the	emissions	are	quantified.	It	is	best	practice	to	set	boundaries	on	your	GHG	emissions
inventory.	This	allows	for	specific	information	to	be	tracked	and	analyzed.	For	municipalities,	there	are	generally	two	accepted	types	of	inventories:	corporate	and	community.	A	corporate	inventory	outlines	emission	generated	directly	from	municipal	operations,	buildings,	and	services.	Municipalities	have	direct	control	and	influence	over	these
emissions.	This	inventory	does	not	include	emissions	that	are	associated	with	sources	not	controlled	or	owned	by	the	municipality.	Figure	2.	Example	of	GHG	emissions	inventory	for	corporate	emissions	in	2016	measured	in	kilotonnes	of	carbon	dioxide	equivalent.	A	community	inventory	estimates	the	GHG	emissions	generated	within	a	municipal
boundary,	including	the	residential,	commercial	and	institutional,	industrial,	transportation,	and	solid	waste	sectors.	Municipalities	have	indirect	control	over	these	emission	sources.	Typically,	the	corporate	emissions	fall	almost	entirely	within	the	community	inventory,	with	a	few	exceptions.	Figure	3.	Example	of	GHG	emissions	inventory	for
community	emissions	measured	in	kilotonnes	of	carbon	dioxide	equivalent.	Inventories	are	important	because	they	provide	valuable	information	describing	how	much	GHG	emissions	are	produced	by	your	building	operations.	An	inventory	helps	you	understand	your	environmental	impact,	and	develop	an	emissions	reduction	plan.	Municipalities	with	a
GHG	emissions	inventory	can:	Build	awareness	of	energy	use.Assess	what	sectors	produce	the	most	GHG	emissions.Evaluate	where	opportunities	for	energy	efficiency	and	cost	savings	are.Decide	where	to	prioritize	GHG	emissions	reduction	efforts.Create	local	economic	development	opportunities	for	new	energy	projects.Consider	the	impacts	of
future	growth	on	energy	and	emissions.	By	completing	a	baseline	GHG	emissions	inventory,	municipalities	have	a	reference	point	to	track	energy	and	emissions	over	time.	Future	inventories	can	be	compared	against	this	baseline	to	measure	progress	of	emissions	reduction	strategies.	Figure	4.	Example	of	GHG	emission	inventory	data	showing
emissions	categorized	into	sectors,	and	how	emissions	have	changed	over	four	years.	See	real	savings	and	real	change	for	your	municipality	by	joining	over	400	municipalities	across	Canada	participating	in	the	Partners	for	Climate	Protection	Program.	The	Partners	for	Climate	Protection	program,	administered	by	ICLEI	—	Local	Governments	for
Sustainability	(ICLEI	Canada)	and	the	Federation	of	Canadian	Municipalities	(FCM),	helps	your	municipality	do	its	part.	This	program	supports	a	network	of	Canadian	municipal	governments	committed	to	reducing	greenhouse	gas	emissions,	starting	with	the	creation	of	a	GHG	emissions	inventory.	After	completing	the	inventory,	the	Municipal
Climate	Change	Action	Centre	will	provide	you	with	free	one-on-one	support	to	help	you	set	targets,	develop	a	plan	and	implement	it.	We’re	here	every	step	of	the	way.	The	Paris	Agreement	has	a	strong	focus	on	transparency	so	countries	can	monitor,	verify	and	report	on	their	NDC	implementation	progress,	with	the	first	national	transparency
reports	due	in	2024.	In	addition,	the	Paris	Agreement	includes	provisions	for	countries	to	update	their	NDC	every	five	years.	However,	during	COP26	in	Glasgow	last	year,	countries	agreed	to	speed	up	cuts	in	their	emissions	before	2030,	with	the	aim	of	keeping	the	average	global	temperature	rise	to	below	1.5°C.	And	while	many	countries	submitted
new	or	updated	NDCs	with	slightly	increased	ambitions,	these	are	still	not	enough	to	keep	global	warming	at	or	under	1.5-degrees.	How	do	countries	calculate	their	emissions?	Countries	report	their	emissions	through	what	is	known	as	a	‘bottom	up’	approach,	where	national	emissions	are	estimated	by	combining	data	on	types	of	activity	with	the
emissions	typically	produced	by	those	activities.	So,	if	you	know	how	much	carbon	dioxide	steelmaking	produces,	and	you	know	how	much	steel	is	produced	in	your	country,	you	can	estimate	the	total	quantity	of	emissions	from	the	steel	sector.	Are	those	calculations	accurate?	There	are	internationally	agreed	guidelines	developed	by	the
Intergovernmental	Panel	on	Climate	Change	that	specify	how	this	kind	of	accountancy	should	be	done.	Are	emissions	being	cut	quickly	enough?	In	short,	the	answer	is	no.	As	laid	out	in	UNEP’s	Emissions	Gap	Report	2021,	new	national	climate	pledges	combined	with	other	mitigation	measures	put	the	world	on	track	for	a	global	temperature	rise	of
2.7°C	by	the	end	of	the	century,	which	would	lead	to	devasting	consequences	for	the	planet.	All	countries,	but	particularly	those	in	the	developed	world,	need	to	cut	emissions	faster.	What	needs	to	happen	now?	The	Emissions	Gap	Report	highlighted	the	fact	that	global	emissions	need	to	fall	by	45	to	50	per	cent	by	2030	in	order	to	ensure
temperatures	don’t	rise	above	1.5°C	by	2100.	In	short,	the	world	needs	to	act	—	and	quickly.	UNEP	is	at	the	front	in	support	of	the	Paris	Agreement	goal	of	keeping	the	global	temperature	rise	well	below	2°	C	and	aiming	-	to	be	safe	-	for	1.5°C,	compared	to	pre-industrial	levels.	To	do	this,	UNEP	has	developed	a	Six-Sector	Solution	roadmap	to
reducing	emissions	across	sectors	in	line	with	the	Paris	Agreement	commitments	and	in	pursuit	of	climate	stability.	The	six	sectors	are	Energy;	Industry;	Agriculture	and	Food;	Forests	and	Land	Use;	Transport,	and	Buildings	and	Cities.	At	the	UN	Climate	Change	Conference	(COP27)	in	November	2022,	the	focus	will	be	on	adaptation,	finance	and	a
just	transition	–	and	you	can	do	your	part	by	acting	now	on	your	own	consumption	and/or	speaking	up	to	voice	your	concern.			Carbon	Footprint,	or	the	carbon	footprint,	refers	to	the	total	amount	of	greenhouse	gases	emitted	from	human	activities	or	processes,	measured	in	terms	of	carbon	dioxide	equivalent.	It	is	a	key	indicator	for	assessing
environmental	impact	and	global	warming,	while	also	helping	to	plan	for	the	reduction	of	greenhouse	gas	emissions	to	achieve	sustainability	in	the	future.	What	is	a	Carbon	Footprint?	Carbon	Footprint,	or	carbon	footprint,	refers	to	the	total	amount	of	greenhouse	gases	emitted	from	various	activities	or	processes.	It	primarily	consists	of	carbon
dioxide	(CO₂)	and	other	greenhouse	gases	such	as	methane,	nitrous	oxide,	hydrofluorocarbons	(HFCs),	perfluorocarbons	(PFCs),	sulfur	hexafluoride	(SF₆),	and	nitrogen	trifluoride	(NF₃),	among	others.	Measuring	the	carbon	footprint	allows	us	to	assess	the	environmental	impact	of	different	activities	and	their	contribution	to	global	warming.Activities
that	contribute	to	the	carbon	footprint	include:	Energy	consumption:	Electricity	use	in	homes	and	buildings,	heating,	and	lighting.	Transportation:	Personal	vehicle	use,	freight	transport,	and	air	travel.	Manufacturing	processes:	From	sourcing	raw	materials	and	production	to	product	disposal.	Agriculture	and	livestock:	Crop	cultivation	and	animal
farming	release	methane	and	nitrous	oxide.	Waste	management:	Waste	disposal	and	wastewater	treatment.	The	carbon	footprint	is	typically	measured	in	kilograms	of	carbon	dioxide	equivalent	(kgCO	2e)	or	metric	tons	of	carbon	dioxide	equivalent	(MtCO	2e).	Tracking	and	measuring	the	carbon	footprint	enable	individuals	and	organizations	to
develop	effective	strategies	for	reducing	greenhouse	gas	emissions,	contributing	to	sustainable	development	and	mitigating	environmental	impact.	The	Importance	of	Carbon	Footprint	Carbon	Footprint	is	highly	significant	as	it	serves	as	a	key	indicator	of	the	impact	humans	have	on	the	environment	and	climate	change.	The	effects	of	Carbon
Footprint	can	be	categorized	into	two	main	levels.	Global	Impact	Climate	Change:	The	large-scale	emission	of	greenhouse	gases	is	the	primary	cause	of	global	warming,	leading	to	a	rise	in	the	Earth's	average	temperature	at	an	unprecedented	rate.	Polar	Ice	and	Glacier	Melting:	This	results	in	rising	sea	levels,	posing	a	threat	to	coastal	areas	and
small	islands.	Loss	of	Biodiversity:	Rapid	environmental	changes	prevent	many	species	from	adapting,	leading	to	extinction.	Community	and	Individual	Impact	Weather	Volatility:	More	frequent	extreme	weather	events	such	as	storms,	floods,	and	droughts	directly	affect	people’s	lives	and	properties.	Health	Impacts:	The	increasing	number	of	natural
disasters	leads	to	health	issues,	including	injuries,	infectious	diseases,	and	mental	health	problems.	Economic	Damage:	Disasters	cause	destruction	to	property,	agricultural	land,	and	infrastructure,	leading	to	income	loss	and	economic	slowdowns.	Resource	Scarcity:	Climate	change	can	contribute	to	water	and	food	shortages	in	certain	areas,
affecting	food	and	water	security.	Focusing	on	Carbon	Footprint	is	essential	as	it	allows	us	to	understand	and	measure	the	environmental	impact	of	various	activities	more	clearly.	This	leads	to	effective	planning	and	implementation	of	strategies	to	reduce	greenhouse	gas	emissions	at	organizational,	community,	and	national	levels,	ultimately
mitigating	climate	change	effects	and	promoting	sustainability	for	our	planet.	Types	and	Scope	of	Carbon	Footprint	Carbon	Footprint	can	be	divided	into	two	main	categories:	Organization	Carbon	Footprint	and	Product	Carbon	Footprint.	Organization	Carbon	Footprint	refers	to	the	amount	of	greenhouse	gases	emitted	from	all	activities	of	an
organization.	These	emissions	are	categorized	into	three	scopes	according	to	the	GHG	Protocol	standard:	Scope	1:	Direct	EmissionsThese	are	emissions	that	result	from	activities	directly	under	the	control	of	the	organization.Examples	include	fuel	combustion	in	machinery,	boilers,	company-owned	vehicles,	and	refrigerant	leaks.	Scope	2:	Energy
Indirect	EmissionsThese	are	indirect	emissions	from	the	consumption	of	purchased	or	acquired	energy.Examples	include	electricity,	heat,	or	steam	purchased	from	external	suppliers.	Scope	3:	Other	Indirect	EmissionsThese	emissions	are	associated	with	the	organization	but	are	not	directly	controlled	by	it.Examples	include	employee	travel,	raw
material	transportation,	waste	disposal,	and	the	use	of	the	organization's	products	by	consumers.	Product	Carbon	Footprint	refers	to	the	amount	of	greenhouse	gases	emitted	throughout	a	product's	life	cycle,	from	raw	material	acquisition,	production,	and	transportation	to	usage	and	end-of-life	disposal.	Calculating	both	types	of	Carbon	Footprints
helps	organizations	identify	key	sources	of	greenhouse	gas	emissions	and	develop	effective	strategies	for	emission	reduction.	Reports	typically	express	emissions	in	kilograms	or	tons	of	carbon	dioxide	equivalent	(kgCO	2e	or	tCO2e).	Understanding	the	types	and	scopes	of	Carbon	Footprints	is	essential	for	developing	comprehensive	and	effective
greenhouse	gas	reduction	strategies	at	both	organizational	and	product	levels.	The	Impact	of	Carbon	Footprint	on	the	Planet	and	Society	Carbon	Footprint	has	a	significant	impact	on	both	the	environment	and	society,	which	can	be	categorized	into	two	main	aspects.	Environmental	Impacts	Global	Warming:	The	increase	in	greenhouse	gases	in	the
atmosphere	raises	the	Earth's	average	temperature.	If	no	action	is	taken,	global	temperatures	could	rise	by	up	to	3°C	in	the	future.	Loss	of	Biodiversity:	Rapid	climate	change	makes	it	difficult	for	many	species	to	adapt.	Studies	indicate	that	global	wildlife	populations	have	declined	by	69%	since	1970.	Melting	Glaciers	and	Polar	Ice:	Global	warming
accelerates	ice	melting,	leading	to	rising	sea	levels,	which	could	increase	by	approximately	1	±	0.5	meters	over	the	next	100	years.	Ecosystem	Changes:	Climate	change	disrupts	both	terrestrial	and	marine	ecosystems,	affecting	seasonal	patterns,	animal	migration,	and	natural	food	sources.	Social	and	Human	Impacts	Health	Issues	from	Pollution:	The
rise	in	greenhouse	gases	and	air	pollution	contributes	to	respiratory	diseases,	heart	disease,	and	certain	types	of	cancer.	Food	Security	Challenges:	Extreme	and	unpredictable	weather	conditions	affect	agriculture,	fisheries,	and	livestock,	leading	to	food	shortages	and	malnutrition	in	some	areas.	Climate-Induced	Migration:	Severe	natural	disasters



such	as	floods,	droughts,	and	storms	force	people	to	relocate,	causing	social	and	economic	challenges.	Economic	Consequences:	Climate	change	damages	infrastructure,	property,	and	economic	activities.	Thailand	is	ranked	among	the	ten	countries	most	at	risk	from	long-term	climate	change.	Social	Inequality:	The	effects	of	Carbon	Footprint
disproportionately	impact	low-income	groups	and	developing	countries,	as	they	have	fewer	resources	to	adapt	and	respond.	Recognizing	these	impacts	is	crucial	in	driving	efforts	to	reduce	Carbon	Footprint	at	individual,	organizational,	and	national	levels	to	mitigate	long-term	environmental	and	social	consequences.	Assessment	and	Measurement	of
Carbon	Footprint	The	evaluation	and	measurement	of	the	carbon	footprint	involve	the	following	key	steps	and	tools.1.	Tools	and	Standards	GHG	Protocol:	A	globally	recognized	standard	that	provides	a	framework	for	calculating	and	reporting	greenhouse	gas	(GHG)	emissions.	ISO	14064:	An	international	standard	for	GHG	reporting	and	verification,
consisting	of	three	key	components:	defining	boundaries,	identifying	data	sources,	and	performing	calculations.	2.	Calculation	Process	Define	Scope	and	Objectives:	Identify	the	activities	to	be	assessed	and	the	time	period	for	data	collection.	Data	Collection:	Gather	data	on	energy	consumption,	raw	materials,	and	other	resources.	Select	Emission
Factor:	Use	an	appropriate	emission	factor	to	quantify	GHG	emissions.	GHG	Emission	Calculation:	Apply	the	formula:GHG	Emission	=	Activity	Data	×	Emission	Factor	Analysis	and	Interpretation:	Identify	major	emission	sources	and	opportunities	for	reduction.	Reporting:	Prepare	reports	following	the	required	standards.	3.	Application	Examples	For
Organizations	Scope	1:	Emissions	from	fuel	consumption	in	production	processes	and	company-owned	vehicles.	Scope	2:	Emissions	from	purchased	electricity.	Scope	3:	Emissions	from	employee	travel,	raw	material	transportation,	and	waste	disposal.	For	Individuals	Travel:	Calculated	based	on	distance	traveled	and	type	of	vehicle	used.	Electricity
Use:	Based	on	household	electricity	consumption.	Food	Consumption:	Based	on	the	type	and	quantity	of	food	consumed.	4.	Reporting	Expressed	in	kilograms	of	CO2	equivalent	(kgCO2e)	or	tons	of	CO2	equivalent	(tCO2e).	Presented	using	graphs	or	charts	for	clarity.	Compared	against	organizational	or	national	GHG	reduction	targets.	Accurate	and
consistent	carbon	footprint	assessment	helps	organizations	and	individuals	track	progress	in	reducing	GHG	emissions	and	develop	effective	strategies	to	achieve	environmental	goals.	Sustainable	Ways	to	Reduce	Carbon	Footprint	Reducing	Carbon	Footprint	is	essential	for	mitigating	the	impacts	of	climate	change.	The	following	are	key	approaches
and	strategies:	1.	Reducing	Energy	Use	and	Increasing	Efficiency	Improve	the	efficiency	of	equipment	and	systems,	such	as	installing	thermal	insulation	on	walls	and	roofs	or	using	heat-reflective	roofing	to	regulate	indoor	temperatures.	Install	smart	control	systems	and	sensors,	such	as	automated	lighting	management	and	smart	meters.	Choose
energy-efficient	appliances,	such	as	LED	light	bulbs,	energy-efficient	electrical	appliances,	and	induction	cookers.	Use	energy-saving	ballasts	or	electronic	ballasts	with	compact	fluorescent	lamps.	Utilize	lighting	fixtures	with	reflective	panels	to	maximize	light	efficiency.	2.	Utilizing	Renewable	Energy	Install	solar	power	systems	(Solar	Rooftop)	on
buildings	and	factories.	Use	biomass	energy,	such	as	producing	biogas	from	animal	waste	and	wastewater	treatment	systems.	Consider	wind	and	hydro	energy	in	areas	with	suitable	potential.	3.	Changing	Consumption	Patterns	Increase	the	proportion	of	locally	sourced	and	seasonal	food	to	reduce	long-distance	transportation.	Minimize	food	waste	by
planning	purchases	and	consumption	carefully.	Use	recycled	products	and	reduce	single-use	plastic	consumption.	Choose	durable	and	repairable	products	to	extend	their	lifespan.	4.	Forest	Planting	and	Conservation	Plant	trees	to	expand	green	spaces	and	absorb	carbon	dioxide;	a	large	tree	can	absorb	approximately	22	kg	of	CO2	per	year.	Conserve
and	restore	natural	forests,	which	serve	as	crucial	carbon	sinks.	Promote	urban	forestry	to	enhance	green	spaces	in	cities.	5.	Transforming	Transportation	and	Mobility	Encourage	the	use	of	public	transportation	and	clean-energy	vehicles.	Use	electric	or	hybrid	vehicles	to	reduce	greenhouse	gas	emissions	from	transportation.	Plan	travel	and	logistics
efficiently	to	minimize	distance	and	fuel	consumption.	6.	Effective	Waste	Management	Promote	waste	separation	and	recycling	to	reduce	the	amount	of	waste	that	needs	disposal.	Implement	efficient	waste	management	technologies,	such	as	waste-to-energy	systems.	Reduce	unnecessary	packaging	and	opt	for	environmentally	friendly	materials.
Implementing	these	strategies	can	effectively	reduce	Carbon	Footprint	at	individual,	organizational,	and	national	levels.	However,	reducing	Carbon	Footprint	is	a	long-term	effort	that	requires	collaboration	across	all	sectors	and	continuous	behavioral	adaptation.	Summary	and	Future	of	Carbon	Footprint	Reducing	Carbon	Footprint	is	a	global
challenge	that	requires	collaboration	from	all	sectors—individuals,	organizations,	and	nations—to	build	a	sustainable	future.	1.	The	Importance	of	Participation	Addressing	the	Carbon	Footprint	issue	cannot	be	done	by	any	single	group	alone;	it	requires	cooperation	across	all	sectors.	Governments	must	implement	policies	and	measures	that	support
the	reduction	of	greenhouse	gas	emissions.	The	private	sector	must	adapt	its	production	processes	and	business	operations	to	be	more	environmentally	friendly.	Meanwhile,	individuals	must	adjust	their	consumption	habits	and	daily	lifestyles.	2.	Technology	and	Innovation	The	development	of	green	technology	and	smart	infrastructure	plays	a	crucial
role	in	effectively	reducing	Carbon	Footprint.	This	includes	the	use	of	renewable	energy,	the	advancement	of	smart	transportation	systems,	and	the	application	of	IoT	technology	for	energy	and	resource	management.	For	example,	the	One	Bangkok	project	utilizes	a	centralized	cooling	system,	saving	17,000	megawatt-hours	of	electricity	per	year	and
reducing	carbon	emissions	by	9,000	tons	annually.	3.	Raising	Public	Awareness	Instilling	awareness	about	Carbon	Footprint	and	its	environmental	impact	is	essential.	This	effort	should	begin	within	the	education	system,	workplaces,	and	communities	to	foster	a	culture	of	Carbon	Footprint	reduction.	Encouraging	public	participation	in	carbon-
offsetting	activities,	such	as	walking	or	cycling	instead	of	using	cars	for	short	trips,	not	only	helps	reduce	carbon	dioxide	emissions	but	also	promotes	better	health	and	quality	of	life.	4.	Integrating	Policies	and	Market	Mechanisms	A	combination	of	government	policies	and	market	mechanisms	is	vital	in	motivating	all	sectors	to	participate	in	reducing
greenhouse	gas	emissions.	This	includes	the	development	of	carbon	credit	systems	and	carbon	trading.	Moreover,	fostering	cooperation	between	the	government,	private	sector,	and	local	authorities	will	facilitate	knowledge	exchange	and	lead	to	the	development	of	effective	Carbon	Footprint	reduction	strategies	that	truly	meet	societal	needs.
Achieving	a	sustainable	future	requires	long-term	commitment	and	collaboration	from	all	sectors,	starting	today,	to	create	a	livable	world	for	future	generations.	Reducing	Carbon	Footprint	not	only	helps	mitigate	the	impacts	of	climate	change	but	also	contributes	to	sustainable	improvements	in	quality	of	life,	economic	growth,	and	social	well-being.
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