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Key points: 

There are four well-quantified terms in the global 

carbon budget: 

1: Fossil fuels: 9.3 GtC yr-1 

2: Net land-use change: 1.0 GtC yr-1 

3: Ocean uptake: 2.6 GtC yr-1 

4: Atmospheric increase: 4.5 GtC yr-1 

Adding these terms together leaves an imbalance 

by 3.1 GtC yr-1. That is termed the residual sink.  



Source: IPCC Chapter 6 (2013) 

The importance of getting the residual sink right 

2002-2011 

Residual sink 

2.5 GtC yr-1 

2000-2009 

Modelled sink 

2.6 GtC yr-1 

Key points: 

The size of the residual sink is often implicitly or explicitly 

equated with C uptake by the terrestrial biosphere. This figure 

from the IPCC, for example, shows the size of the residual sink 

over the past 50 years, plotted together with estimates of 

biospheric carbon exchange by process-based biosphere 

models. There is good correspondence between those fluxes in 

both their absolute magnitude and in their year-to-year variations. 
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Key points: 

In the following, I present estimates of a number of 

specific carbon fluxes out of the atmosphere that 

are not currently included in the overall global 

carbon budget. Inclusion of these additional terms 

reduces the size of the remaining residual sink. 



Source: Winjum et al. (1998) – numbers give estimated annual fluxes. 

Wood Products 

Key points: 

Wood products constitute a sizeable 

carbon pool. Winjum et al. (1998) 

estimated annual wood harvests of 

1120 MtC yr-1. They estimated 

immediate CO2 emissions from slash 

in the forest, fuelwood use of 

harvested wood, wastage in wood 

processing, and the production of 

wood products (like paper) with short 

service life of less than 5 years. 

These CO2 emissions can be ignored, 

but they estimated that annually 252 

MtC yr-1 of long-lived were produced. 

They factored in carbon loss of 

previously produced long-lived wood 

products (by 113 MtC yr-1). That left 

an estimated net annual increase in 

the storage in long-lived products of 

139 MtC yr-1. 



Source: Lauk et al. (2012) 

Wood Products, Plastic, Bitumen 

Key points: 

Lauk et al. (2012) conducted an 

analysis similar to that of Winjum 

et al. (1998), but derived a slightly 

smaller estimate for net increase of 

the wood products pool of just 

below 100 MtC yr-1. They estimated 

similar-sized net increases in the 

pools of plastic and bitumen (used 

in roading).   
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Key points: 

Wood products had already been included in the 

estimate of net LUC. Explicit inclusion of a wood-

products pool leads to an adjustment by 

increasing net LUC by 0.1 GtC yr-1, with no effect 

on the residual sink. Inclusion of the plastic and 

bitumen pools, however, reduces the size of the 

residual sink from 3.1 to 2.9 GtC yr-1. 



Source: Lauk et al. (2012) 

Landfills 

Key points: 

Lauk et al. (2012) also estimated the 

annual rates of disposal of various 

materials, especially wood products and 

plastics. Together, they amount to almost 

500 MtC yr-1. Much of that will be stored 

in anaerobic landfills, with long storage 

life but the net increase in that store will 

be substantially smaller than the total 

disposal rate as much disposed material, 

especially wood is currently burnt. I have 

found no global estimates of landfill net 

carbon storage, but the Lauk et al. (2012) 

estimate provides a guide of an upper 

bound on possible net storage through 

their estimate of the disposal rates of 

various materials. 



Source: IPCC (2006) 

Landfills 

Waste production 

0.4 t pers-1 yr-1 

Waste 

type 

Paper:  18% 

Wood:  8% 

Textiles:  3% 

Rubber: 1% 

Plastic: 8% 

Persistence 

x x 

Total: 42 kgC pers-1 yr-1 

25% 

75% 

25% 

75% 

95% 

Multiplied by 7.5 billion people: ≈300 MtC yr-1 
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67% 
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= 

7.3 

10.2 

1.1 

1.9 

21.4 
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Key points: 

IPCC (2006) provides estimates of waste product-

ion per person and its break-down by waste type. 

For each type, one can estimate its contribution to 

C storage by multiplying its fraction of total waste 

by its dry matter content and by its carbon 

fraction. The biggest uncertainty relates to the 

estimate of persistence, defined here as the 

fraction of material that does not break down. The 

numbers given here are largely based on 

estimated persistence in anaerobic landfills. For 

the dominant category, plastic, the form of 

disposal may not be too important, and estimate 

for plastics would only be reduced through waste 

incineration in countries where that is practiced. 
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Key points: 

Inclusion of C storage in landfills further reduces 

the residual sink from 2.9 to 2.6 GtC yr-1. 



Sources: Stallard 1998; Schlünz & Schneider, 2000; Seitzinger et al., 2005; Cole et al., 2007; 

Tranvik et al., 2009; Aufdenkampe et al., 2011; Regnier et al., 2013; Raymond et al., 2013    

Lakes and river transport (GtC yr-1) 

 

Lakes/ 

rivers 

 

Influx 

Deposition 
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Dissolved inorganic C, DIC 

Dissolved organic C, DOC 

Particulate organic C, POC 

2.9 

1.4 

0.25 

0.2 

0.45 

0.6 

Key points: 

2.9 GtC yr-1 enter inland water ways. About half (1.4 GtC yr-1) is outgassed back to the atmosphere. Almost 1 GtC yr-1 

reaches the ocean by river transport in one of three forms. A further 0.6 GtC yr-1 is deposited in inland water ways. Of 

these, total influx to lakes and rivers, and subsequent outgassing fluxes are not relevant in the present context, and 

the estimated DIC flux is already added to the assumed ocean uptake. However, the fluxes shown in red, river trans-

port by dissolved and particulate organic carbon, and inland deposition are not yet included in the overall budget. 
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Key points: 

Inclusion of (rounded-down) river flow of dissolved 

and particulate organic C further reduces the size 

of the residual sink from 2.6 to 2.2 GtC yr-1. 
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Key points: 

Inclusion of inland deposition further reduces the 

size of the residual sink from 2.2 to 1.6 GtC yr-1. 



Mahowald et al. (2005) 

Dust flux 

1500-2000 Mt yr-1 

Webb et al. (2012) 

Chappell et al. (2013) 

Others 

Carbon concentrations 

1-2% 

Webb et al. (2012) 

Enrichment factor 

2.5 x 
x = 37.5-100 MtC yr-1 

Wind Erosion 

Aeolian transport: a few MtC yr-1 (Forbes et al. 2006) 

+ Charcoal 

Key points: 

Carbon can be transported to the ocean by aeolian transport of dust or charcoal. This flux is not 

detected in the normal calculations of ocean CO2 uptake. This can be estimated by multiplying total 

dust transport by the carbon concentration in the soil where dust originates from and an enrichment 

factor because dust preferentially uplifts ground particles with higher C concentrations. In addition, 

charcoal can similarly be transported to the oceans. Dust derived transport is probably less than 100 

MtC yr-1, with charcoal transport adding a few MtC yr-1. 
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Key points: 

Dust and charcoal transport is probably less than 

0.1 GtC yr-1. If rounded up, it further reduces the 

size of the residual sink from 1.6 to 1.5 GtC yr-1. 



Methane and NMVOC oxidation 

Total sources CH4: 678 (508)  

Source: IPCC Chapter 6 (2013) 

Global fluxes [MtCH4 yr-1 (MtC yr-1)] 

CH4 Sinks 

Tropospheric OH- : 553 (415) 

Stratospheric  : 51 (38) 

Soils : 28 (21) 

Tropospheric OH- : 553 (415) 

Stratospheric  : 51 (38) 

Soils : 28 (21) 

CH4, NMVOC 
Methane,  

NMVOC 

CH3OH Methanol 

HCHO Formaldehyde 

. 

. . 

. 

. . 

. 

. . 
CO2 

Ocean 

Total sources NMVOC: > 500 MtC yr-1 

< 100 MtC yr-1 

Key points: 

Annually, about 1 GtC yr-1 circulates through the 

atmosphere as methane or other VOC. Some of that 

is oxidised in the stratosphere or in soils, and one 

can assume complete oxidation. But oxidation in 

the troposphere involves a series of intermediate 

oxidation products, especially methanol and 

formaldehyde, and any direct transport by methane, 

NMVOC or the oxidation intermediates to the 

oceans constitute additional C fluxes to the oceans 

not otherwise accounted for. While I have found no 

well-substantiated global flux estimates, these 

fluxes are probably less than 100 MtC yr-1.  
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Key points: 

The direct fluxes of CH4 and NMVOCs and their 

intermediates oxidation products are probably less 

than 0.1 GtC yr-1. If rounded up, it further reduces 

the size of the residual sink from 1.5 to 1.4 GtC yr-1. 



Source: IPCC Chapter 6 (2013) 

The importance of getting the residual sink right 

Key points: 

Correctly estimating the size of the 

residual sink is practically important if 

one relates the size of the residual sink 

with C uptake by the terrestrial biosphere 

(as was implicitly or explicitly done by the 

IPCC). The following slide shows annual 

model estimates of biospheric C uptake 

plotted against the inferred size of the 

residual sink, or plotted against the size 

of the revised residual sink. Those 

derived numbers correspond to the 

numbers given in this figure here from 

the IPCC. 



The importance of getting the residual sink right 

Key points: 

Biosphere models calculate carbon uptake rates that are fairly consistent with the size of the residual sink, reasonably 

well following a 1:1 line, with only the highest uptake rates modelled by the biosphere models not quite matching the 

highest values for the residual sink.  

In contrast, if the C exchange estimates of the biosphere models are plotted against the revised residual sink, as 

would be the more appropriate comparison, we find that the biosphere models overestimate annual fluxes by about 

1.5 GtC yr-1. To the extent that the “correct” global residual sink is used as a reality check for global biosphere models, 

it will require the structure or parameterisation of these models to be adjusted so that their net C uptake rates can be 

reduced by about 1.5 GtC yr-1. This will have profound implications for our understanding of natural feedback in 

response to anthropogenic changes in CO2 and the climate. 
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 Conclusions 

• The systematic error of omitting these fluxes is worse than the 

random error related to uncertainty of the size of these fluxes. 

• There are several known fluxes in the global carbon cycle that are 

well enough understood to be explicitly included.  

• The various fluxes described here are all well known individually. 

There is a need, however, for them to be brought together in 

global assessments. 

• The “residual sink” is used as a reality check for biosphere models. 

There is a serious problem of systematic bias. S smaller “residual 

sink” leads to a smaller inferred biosphere feedbacks (-1.5 GtC yr-1). 

• Wood, plastic, bitumen, landfills, river DOC and POC, 

lake deposition, dust, intermediates of VOC oxidation 

• There is large uncertainty in the size of these fluxes…. but  
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