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Global	carbon	budget

The	cumulative	contributions	to	the	global	carbon	budget	from	1870

Figure	concept	from	Shrink	That	Footprint
Source:	CDIAC;	NOAA-ESRL;	Houghton	et	al	2012;	Giglio et	al	2013;	Joos et	al	2013;	Khatiwala et	al	2013;	

Le	Quéré	et	al	2016; Global	Carbon	Budget	2016



Anthropogenic perturbation of the global carbon cycle

Perturbation of the global carbon cycle caused by anthropogenic activities,
averaged globally for the decade 2006–2015 (GtCO2/yr)

Source: CDIAC; NOAA-ESRL; Le Quéré et al 2016; Global Carbon Budget 2016



31%
11.6	GtCO2/yr

Fate	of	anthropogenic	CO2 emissions	(2006-2015)

Source:	CDIAC;	NOAA-ESRL;	Houghton	et	al	2012;	Giglio et	al	2013;	Le	Quéré	et	al	2016; Global	Carbon	Budget	2016
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Global	carbon	budget

The	carbon	sources	from	fossil	fuels,	industry,	and	land	use	change	emissions	are	balanced	by	
the	atmosphere and	carbon	sinks	on	land	and	in	the	ocean	

Source:	CDIAC;	NOAA-ESRL;	Houghton	et	al	2012;	Giglio et	al	2013;	Joos et	al	2013;	Khatiwala et	al	2013;	
Le	Quéré	et	al	2016; Global	Carbon	Budget	2016
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UMD) simulate a sink/source transition for the land
carbon flux. The source arising in the UMD simulation
is mainly due to the fact that this model already simu-
lates a very weak land carbon uptake in the uncoupled

simulation (uptake of 0.3 GtC yr!1 for the 1990s and 1
GtC yr!1 by 2100). These two models are also the ones
that simulate the larger atmospheric CO2 concentration
by 2100, as the land is a source of CO2 at that time. This

FIG. 1. (a) Atmospheric CO2 for the coupled simulations (ppm) as simulated by the HadCM3LC (solid black),
IPSL-CM2C (solid red), IPSL-CM4-LOOP (solid yellow), CSM-1 (solid green), MPI (solid dark blue), LLNL
(solid light blue), FRCGC (solid purple), UMD (dash black), UVic-2.7 (dash red), CLIMBER (dash green), and
BERN-CC (dash blue). (b) Atmospheric CO2 difference between the coupled and uncoupled simulations (ppm).
(c) Land carbon fluxes for the coupled runs (GtC yr!1). (d) Differences between coupled and uncoupled land
carbon fluxes (GtC yr!1). (e), (f) Same as (c), (d), respectively, for the ocean carbon fluxes.
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Remaining	uncertainty	in	the	global	carbon	balance

The	remaining	uncertainty	is	the	carbon	left	after	adding	independent	estimates	for	total	emissions,	the	atmospheric	
growth	rate,	and	model-based	estimates	for	the	land	and	ocean	carbon	sinks

Source:	Le	Quéré	et	al	2016; Global	Carbon	Budget	2016

Large	uncertainties	in	the	global	carbon	balance	remain
and	hinder	independent	verification	of	reported	CO2 emissions





ACT I: A long, long time ago…
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A 30% thinning leads to 15% GPP drop and 15% Reco rise at a Midwestern forest (US-WCr), 
making productive hardwoods act more like old-growth (US-Syv), for first two years
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Published Data, March, 2015
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Phenology

mine the amount of foliage present and active in a canopy
(Table 2). The simplest approach is to prescribe a fixed sea-

sonal course of LAI. This approach encompasses the onset
and development of foliage and also the dynamics of leaf loss.
The original version of SiB (Sellers et al., 1986) used monthly
LAI values that were specific for each plant functional type. A

slightly more complicated approach to phenology is to pre-
scribe the presence and amount of foliage based on remote
sensing data. SiB2 (Sellers et al., 1996) used AVHRR data to

determine seasonal NDVI and then fPAR and LAI. In the
present analysis, BEPS relies on a global LAI dataset (Deng
et al., 2006) derived from SPOT4 VEGETATION images and

corrected for clumping via multi-angle POLDER observations
(Chen et al., 2005). ED2 is designed to operate with the MODIS

LAI product or other phenological drivers (Medvigy et al.,
2009). Because satellite data are sometimes not available (e.g.,
for prognostic runs), models that use remotely sensed pheno-
logical observations may use multi-year average LAI and

often maintain the flexibility of using other sources. The
results presented here for the SiB class of models (as well as
ISAM), for example, use a single average seasonal course of

LAI determined for each site.
Foliage onset and development in plants have long been

related to temperature thresholds and cumulative heat sums
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Fig. 1 The mean seasonal trajectory of observed and simulated leaf area index (LAI), for five deciduous broadleaf sites. The continuous

observed LAI is derived from gap fraction estimates based on above- and below-canopy measurements of photosynthetically active

radiation. Open circles show periodic LAI measurements made using an LAI-2000 plant canopy analyzer.
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Observed emissions and emissions scenarios

The emission pledges submitted to the Paris climate summit avoid the worst effects of climate 
change (red), most studies suggest a likely temperature increase of about  3°C (brown) 

Over	1000	scenarios	from	the	IPCC	Fifth	Assessment	Report	are	shown
Source:	Fuss	et	al	2014; CDIAC;	Global	Carbon	Budget	2015
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http://www.vox.com/2016/11/9/13571318/donald-trump-disaster-climate
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