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It	is	important	to	try	and	think	about	these	huge	numbers	in	human	context,	both	
globally	and	locally.	
	
These	numbers	are	important	because	they	help	us	understand	how	we	may	have	
released	about	500	Million	tons	of	carbon	since	the	industrial	age.		The	new	IPCC	is	
urging	us	to	target	a	total	global	emission	of	1	trillion	tons	of	carbon	
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Carbon	pools	and	fluxes,	circa	2017	from	state	of	art	reviews	.			
	
Key	points.	There	is	more	carbon	in	the	atmosphere	than	in	vegetaIon	(871	vs	650	
Pg-C).		There	is	10x	more	carbon	in	the	ocean	than	in	the	soils	(3000	vs	38,000	PgC).	
	
New	data	show	the	C	pool	of	soil	microbes	is	about	15	PgC	
	
In	general	half	of	GPP	is	lost	as	autotrophic	respiraIon	and	the	other	half	is	lost	by	
heterotrophic	respiraIon.		A	small	residual	can	account	for	a	growing	carbon	sink	due	
to	many	effects	like	N	deposiIon,	elevated	CO2,		land	use	change	and	ecological	
succession.	
	
Oceans	are	a	small	(2	PgC/y)	net	sink,	which	is	leading	to	acidificaIon	of	the	oceans.	
	
We	must	consider	volcano	emissions	on	Geological	Ime	scales.	
	
Sources	of	carbon	to	the	atmosphere	from	human	acIviIes	include	fossil	fuel	
combusIon,	producIon	of	cement	and	deforestaIon.	
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NPP	is	the	difference	between	GPP	and	carbon	lost	as	autotrophic	respiraIon.		
	
As	you	can	see	there	has	been	an	evoluIon	in	the	values	of	global	NPP	over	the	
decades	and	Century.	Today	the	grand	mean	is	narrowing	to	about	56	PgC.		Since	
NPP	is	about	½	of	GPP,	this	would	be	consistent	with	a	GPP	value	of	about	112	PgC/y,	
or	more	to	the	point	values	less	than	120	Pg-C/y	
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Scharlemann,	J.	P.	W.,	E.	V.	J.	Tanner,	R.	Hiederer,	and	V.	Kapos.	2014.	Global	soil	
carbon:	understanding	and	managing	the	largest	terrestrial	carbon	pool.	Carbon	
Management	5:81-91.	
	
While	there	seems	to	be	a	convergence	on	1500	PgC	for	the	soil	C	pool,	those	
working	in	the	ArcIc	and	examining	C	in	the	permafrost	and	at	depths	below	1	m	
argue	that	there		may	be	another	1500	PgC.	
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Circa	2016,	Global	Carbon	Project,	hap://www.globalcarbonproject.org/	
	
Le	Quéré,	C.,	R.	M.	Andrew,	J.	G.	Canadell,	S.	Sitch,	J.	I.	Korsbakken,	G.	P.	Peters,	A.	C.	
Manning,	T.	A.	Boden,	P.	P.	Tans,	R.	A.	Houghton,	R.	F.	Keeling,	S.	Alin,	O.	D.	Andrews,	
P.	Anthoni,	L.	Barbero,	L.	Bopp,	F.	Chevallier,	L.	P.	Chini,	P.	Ciais,	K.	Currie,	C.	Delire,	S.	
C.	Doney,	P.	Friedlingstein,	T.	Gkritzalis,	I.	Harris,	J.	Hauck,	V.	Haverd,	M.	Hoppema,	K.	
Klein	Goldewijk,	A.	K.	Jain,	E.	Kato,	A.	Körtzinger,	P.	Landschützer,	N.	Lefèvre,	A.	
Lenton,	S.	Lienert,	D.	Lombardozzi,	J.	R.	Melton,	N.	Metzl,	F.	Millero,	P.	M.	S.	
Monteiro,	D.	R.	Munro,	J.	E.	M.	S.	Nabel,	S.	I.	Nakaoka,	K.	O'Brien,	A.	Olsen,	A.	M.	
Omar,	T.	Ono,	D.	Pierrot,	B.	Poulter,	C.	Rödenbeck,	J.	Salisbury,	U.	Schuster,	J.	
Schwinger,	R.	Séférian,	I.	Skjelvan,	B.	D.	Stocker,	A.	J.	Suaon,	T.	Takahashi,	H.	Tian,	B.	
Tilbrook,	I.	T.	van	der	Laan-Luijkx,	G.	R.	van	der	Werf,	N.	Viovy,	A.	P.	Walker,	A.	J.	
Wiltshire,	and	S.	Zaehle.	2016.	Global	Carbon	Budget	2016.	Earth	System	Science	
Data	8:605-649.	
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Circa	2014,	CDIAC	and	Global	Carbon	Project.			It	is	a	bit	depressing	that	we	are	NOT	
Flaaening,	or	reducing	our	carbon	consumpIon.	When	I	first	started	teaching	this	
class,	around	2008,	we	were	emiong	about	8-9	PgC	y-1.		Now	we	are	exceeding	10	
Pg-C.		This	has	to	be	a	wake	up	call.		This	rate	of	carbon	emissions	are	NOT	
Sustainable.	
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Why	is	there	CO2	lost	from	cement	producIon?	
	
CO2	is	produced	as	limestone,	CaCO3,	is	converted	to	lime,	CaO,	and	by	direct	fossil	
fuel	combusIon	in	the	process	as	CaCO3	is	heated.	
	
Calera	is	trying	to	produce	low	carbon	cement	
	
Worrell,	E.,	Price,	L.,	MarIn,	N.,	Hendriks,	C.	and	Meida,	L.O.,	2001.	CARBON	DIOXIDE	
EMISSIONS	FROM	THE	GLOBAL	CEMENT	INDUSTRY1.	Annual	Review	of	Energy	and	
the	Environment,	26(1):	303-329.	
	
Why	is	CO2	produced	by	cement	producIon	
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All values in billion tonnes of carbon per year (GtC/yr), for the globe. For values in 
billion tonnes of carbon dioxide (GtCO2) per year, multiply the numbers below by 
3.664. 	Note: 1 billion tonnes C = 1 petagram of carbon (10^15 gC) = 1 gigatonne C = 
3.664 billion tonnes of CO2	All uncertainties represent ± 1 sigma error (68 % chances 
of being in the range provided) 	Emissions from fossil fuel combustion and cement 
production (uncertainty of ±5% for a ± 1 sigma confidence level):	 	 	 	 	Emissions 
from land-use change (uncertainty of ±0.5 GtC/yr):	 	 	 	
The atmospheric CO2 growth rate (variable uncertainty averaging 0.18 GtC/yr 
during 1980-2011) is estimated directly from atmospheric CO2 concentration 
measurements, and provided by the US National Oceanic and Atmospheric 
Administration Earth System Research Laboratory (NOAA/ESRL).  http://
www.esrl.noaa.gov/gmd/ccgg/trends/global.html	 	 	 	The ocean sink  (uncertainty 
of ±0.5 GtC/yr) was estimated a combination of global ocean biogeochemistry 
models. How to cite: Le Quéré et al. 2013 (see Summary) 	The land sink 
(uncertainty of ±0.8 GtC/yr on average) was estimated from the residual of the other 
budget terms: land_sink = fossil_fuel + land_use_change - atm_growth - ocean_sink.  
How to cite: Le Quéré et al. 2013 (see Summary) 	
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Fortunately	only	part	of	the	CO2	emiaed	into	the	atmosphere	remains	there.		
Looking	at	data	from	2008,	for	example,	we	see	that	the	world	emiaed	up	to	9	PgC	
y-1.	But	between	3	and	4	PgC	y-1	remained	in	the	atmosphere.		How	many	ppm	per	
year	will	[CO2]	change	by?	
	
Note	society	has	emiaed	about	500	Million	tons	of	carbon	since	the	industrial	
revoluIon	~	2.2	(400ppm-280ppm)	x	2..the	factor	of	2	accounts	for	the	airborne	
fracIon	of	emiaed	CO2	that	remains	in	the	atmosphere	vs	what	is	emiaed.	
	
If	we	conInue	to	emit	carbon	at	a	rate	of	about	10	PgC/y	we	will	emit	the	next	500	
Million	tons	(Pg-C)	in	the	next	50	years,	your	lifeIme.	
	



CDIAC	and	Global	Carbon	Project,	circa	2014	
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Both	the	land	and	ocean	are	effecIve	sinks	for	carbon.		Lately	the	land	has	been	taking	up	2	
to	4	PgC	y-1	and	the	ocean	is	taking	up	about	2	Pg-C	y-1	



510	e12	m2	surface	area	of	the	globe….about	100k	years	to	decrease,	about	10k	to	
increase!!	
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2015	Figures	from	CDIAC	
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How	can	we	‘weigh’	the	atmosphere?	We	can	use	the	laws	of	physics	to	compute	the	
mass	of	the	atmosphere	by	knowing	the	surface	area	of	the	planet,	pressure	at	the	
surface	and	the	acceleraIon	of	gravity.		Remember	Pressure	is	Force	per	area	and	
Force	is	Mass	Imes	acceleraIon.		So	Pressure	is	Mass	of	the	Atmosphere	Imes	the	
acceleraIon	of	gravity	(9.8	m	s-2)	divided	by	the	Surface	area	of	the	planet.		So	we	
can	solve	for	Mass	
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Here	is	the	math..	
	
101.3	kPa/9.80	*4	*	pi	*	(6378	10^3)^2	=	5.28	10^18	kg	
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So	if	we	know	the	mixing	raIo	of	a	gas,	like	CO2,	we	can	also	compute	its	mass	in	the	
atmosphere.	
	
Why	do	these	simple	computaIons?	In	this	lecture	and	those	to	follow	I	want	you	to	
be	able	to	interconvert	informaIon	on	the	atmospheric	burden	of	gases	like	CO2	in	
terms	of	mass	vs	their	mixing	raIo.		This	will	help	you	beaer	understand	if	we	release	
x	Pg-C	in	the	next	year	or	decade	what	that	will	do	to	the	mixing	raIo.			
	
With	this	equaIon,	if	we	know	the	net	flux	of	CO2	into	the	atmosphere	we	can	
compute	future	concentraIons	

22	



23	



24	



The	map	was	based	on	an	integraIon	of	the	global	flux	networks,	satellite	remote	
sensing	and	empirical	models	to	fill	gaps	in	Ime	and	space	and	paint	numbers	for	
regional	GPP	at	high	spaIal	resoluIon.		In	my	opinion	this	is	one	of	the	beaer	
products	since	it	is	data	based.	
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Despite	all	the	science	that	has	been	conducted	over	the	past	30	years,	our	ability	to	
know	global	primary	producIvity	remains	highly	uncertain	and	poorly	constrained.		
We	need	to	do	beaer	to	close	the	carbon	budget	and	understand	the	net	effects	of	
deforestaIon,	sImulaIon	and	inhibiIon	of	plant	growth	to	a	changing	world	and	to	
set	policy	on	C	emissions	from	human	acIviIes.	
	
Point	to	be	made,	if	the	high	GPP	numbers	were	true	we	would	not	be	having	a	CO2	
problem.		C	emissions	from	combusIon	would	not	remain	in	the	atmosphere.	
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Add	Reichstein	figures	tooo	
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Tropical	forests	and	savannas	are	the	largest	C	sinks.		They	possess	long	growing	
seasons,	large	area,	high	leaf	area	
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Most	carbon	in	vegetaIon	is	in	the	tropical	and	boreal	forests	of	the	world	
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Global	microbial	C	pool	is	14.6	Pg-C	
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Hotspots	of	soil	carbon	are	the	great	grasslands	and	the	peat	soils	of	the	northern	
wetlands	and	tundra	
hap://www.fao.org/fileadmin/templates/nr/images/resources/images/Maps/
geonetwork/cp_t.png	
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Here	is	why	I	want	you	to	be	able	to	work	back	and	forth	between	units	of	ppm	CO2	
in	the	Atmosphere	and	stores	of	carbon	in	terms	of	PgC.		Changes	in	these	pools	tell	
us	how	CO2	concentraIons	will	change.	
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