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ABSTRACT 

A nonlinear convolution integral is developed to model the response of the ocean carbon sink 
to changes in the atmospheric concentration of C0 2 . This model can accurately represent the 
atmospheric response of complex ocean carbon cycle models in which the nonlinear behavior 
stems from the nonlinear dependence of C0 2 solubility in seawater on C0 2 partial pressure, 
which is often represented by the buffer factor. The kernel of the nonlinear convolution model 
can be constructed from a response of such a complex model to an arbitrary change in C0 2 

emissions, along with the functional dependence of the buffer factor. Once the convolution 
kernel has been constructed, either analytically or from a model experiment, the convolution 
representation can be used to estimate responses of the ocean carbon sink to other changes 
in the atmospheric concentration of C0 2 • Thus the method can be used, e.g., to explore 
alternative emissions scenarios for assessments of climate change. A derivation for the nonlinear 
convolution integral model is given, and the model is used to reproduce the response of two 
carbon cycle models: a one-dimensional diffusive ocean model, and a three-dimensional ocean­
general-circulation tracer model. 

1. Introduction 

Concern over the rise in atmospheric C02 con­
centration has led ·to the use of models for global 
carbon cycle to predict the change in atmospheric 
C02 content as a function of the emission rate of 
C02 to the atmosphere. Carbon dioxide released 
to the atmosphere accumulates in the atmosphere, 
incorporates in the terrestrial biosphere and soils, 
and dissolves in the oceans. Global carbon cycle 
models have been used to estimate the size of the 
ocean and terrestrial biospheric carbon sinks as a 
function of the history ofatmospheric C0 2 content 
(Siegenthaler and Oeschger, 1978; Harvey, 1989b; 
Wigley, 1993; Schimel et al., 1994 ). 

Models for ocean carbon cycle range in com­
plexity from ones that represent the oceans as 
several reservoirs to ones that represent the full 
three-dimensional mixing of the oceans. Ocean 
carbon cycle models have also included internal 

* Corresponding author. 

Tellus 48B ( 1996 ), 1 

processes such as the production, settling and 
dissolution (respiration) of organic and inorganic 
(calcite) particulates which are byproducts of 
biological activity and are expected to have non­
linear effects on ocean carbon cycle ( Broecker 
and Peng, 1982; Kheshgi, 1989; Sundquist, 1990; 
Sarmiento et al., 1993; Archer and Maier-Reimer, 
1994; Jain et al., 1995 ). Different ocean processes 
affect the net oceanic uptake of carbon over dif­
ferent time scales. For example, El Nino is thought 
to be responsible for much of the interannual 
fluctuation in the ocean carbon sink (Volk, 1989; 
Winguth et al., 1994 ). Over time scales of a 
thousand or more years, the dissolution (or 
accumulation) of calcite sediments at the ocean 
floor is thought to affect the ocean carbon sink 
by altering ocean alkalinity (Sundquist, 1986 ). 
Scenarios for the future emissions of C0 2 from the 
burning of fossil fuels (Leggett et al., 1992) are 
expected to lead to changes in the atmospheric 
concentration of C02 over the next century. Time 
scales from decades to several centuries have been 




















