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ABSTRACT 

The compatibility of ice-core C02 data with direct estimates of biotic C02 release is tested using 
a response function analysis that, apart from stationarity, leaves the oceanic uptake of C02 
largely unconstrained. The role of COrenhanced growth (which had not been considered in an 
earlier study of this type) is examined explicitly. It is found that allowing for C0 2-enhanced 
growth increases the discrepancy between the source estimates and the ice-core data. The 
proposed explanation is that some of the early increase in C0 2 concentrations reflects a recovery 
from a perturbation associated with the little ice-age. 

1. Introduction 

This paper describes an extension of an earlier 
study (Enting and Mansbridge, 1987a; hereafter 
denoted (I)) which revealed, in a model-indepen­
dent manner, an incompatibility between C0 2 

data from ice cores and direct estimates of release 
of biotic C02 from land-use changes. The role of 
the terrestrial biota in the atmospheric carbon 
budget has been a topic of considerable uncer­
tainty for many years. Francey and Enting (1990) 
summarised the development of analyses based on 
carbon cycle modelling into three phases. 

(i) A period around 1980 in which carbon 
cycle models calibrated by 14C predicted a larger 
airborne C0 2 fraction than was being observed 
(see for example, Pearman, 1980; Siegenthaler, 
1983). 

(ii) A growing realisation that the present 
day atmospheric C0 2 budget will be strongly 
influenced by the history of past changes in 
releases. The analysis of this influence was 
formalised by Oeschger and Heimann ( 1983 ). 
Within the assumptions of a given carbon cycle 
model, the influence of past changes on the inter­
pretation of present budgets is fully accounted for 
by deconvolution of C02 concentrations from 
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bubbles trapped in polar ice. Such deconvolutions 
give the history of changes in C02 sources. 
Siegenthaler and Oeschger (1987) performed 
several such calculations. They obtained source 
estimates with a peak release (in the range 0.5 to 
1.5 Gt C yr - 1

) around 1900 and a current release 
in the range 0 to 1.0 Gt C yr - 1

, depending on the 
choice of ocean model and the uncertainties 
assigned to the ice-core data. 

(iii) More recently, studies using spatial dis­
tributions of C0 2 to give a "snapshot" of the 
current atmospheric budget have cast doubt on 
these earlier views of the atmospheric budget. 
Studies by Enting and Mansbridge (1989), Tans 
et al. ( 1989) and Keeling et al. ( 1989) have 
suggested that the largest C0 2 sink is in the 
mid-latitudes of the northern hemisphere even 
though, on the basis of area, oceanic sinks would 
be expected to be greatest in the southern hemi­
sphere. An analysis by Tans et al. ( 1990) confirmed 
these modelling results and also used ocean surface 
Pco2 data to estimate a current net oceanic uptake 
of C02 of around 0.5 to 1.0 Gt C yr- 1

. Therefore 
they repeated the suggestion by Enting and 
Mansbridge (1989) that the northern hemisphere 
sink included a strong contribution from net biotic 
growth. A sink of at least 1 Gt C yr- 1 was required 




















