Supplementary Material:  Derivation of Full of Entrainment Correction Terms

Given the potential for significant biases in estimating gross oxygen production from the triple oxygen isotope tracer system due to entrainment, mixing and non-steady-state dynamics we examine here tenable strategies for correcting field measurements.  Given that most studies are conducted on one-off research cruises, we will focus on correcting for the vertical entrainment and mixing bias.  As described in Eq 11 of the main text, correcting for physical processes such as entrainment and mixing requires the quantification of a correction factor, (C) for the bias introduced by physical transport (ψ):

 								(S1)
where zml is mixed layer depth, 17Δdis is the triple oxygen isotope anomaly as defined in Eq 2 of the main text (though not multiplied by 106).  
Assuming the idealized case of entrainment in which the mixed layer deepens at a constant rate (dzmld/dt), entraining a sub-mixed layer watermass with tracer concentration (cdeep), the impact of entrainment on the time rate of change of a tracer, c, is:

 								(S2)

where cml is the mean mixed layer concentration. The impact of vertical diffusivity can be estimated from the concentration gradient below the mixed layer


 							(S3)

where Kz is the coefficient for vertical diffusivity. If we treat  as a single tracer that conserves mass, we arrive at the approximate equations (12) and (13) from the main text by substituting (S2) and (S3) into (S1), respectively.  However, given that 17Δdis does not conserve mass, an exact solution requires the equation to be reformulated in terms of the passive tracers that are included in the model.  Following Prokopenko et al., [2011] we combine the definition of 17Δ and the relationship d(log x)/dt = (1/x)*(dx/dt):


 						(S4)

and noting that *r = [*O]/[O2] and applying the quotient rule:


(S5)
which simplifies to:


 	(S6)

The exact correction factors for entrainment and diffusion are calculated by substituting (S2) and (S3) into (S6), respectively.  For entrainment:



(S7)
with the condition that if dzml/dt < 0 (shoaling), then Cent = 0.  For mixing the equation becomes:



(S8)

The correction factors Cent and Cmix can thus be estimated from measurement of the TOI system at a single time at two depths (zml and zdeep) in addition to knowledge of mixed layer depth history.  All calculation are performed using the more exact expressions of (S7) and (S8).  We test the skill of these two correction terms by subsampling monthly model output for the needed variables to calculate correction factors.  The change in mixed layer depth was calculated from the difference in monthly mean model mixed layer depth and deep TOI values were linearly interpolated in depth.  Seasonal and spatial patterns of the bias terms are shown in Figure S1.  The correction terms can be applied using Eq. 11 of the main text as shown in the equation below which includes the effects of time-rate of change, a vertical flux correction factor (C) and air-sea exchange: 


					(S9)








Supplementary Material:  Figure S1


Figure S1:  Correction factors for mixing (MIX) and entrainment (ENT) are compared to total model diapycnal bias (DIA).  SUM is the sum of MIX and ENT.  RESID is the residual between total correction factors and model diapycnal bias (SUM-DIA).  All biases are in units of mmol O2 m-2 d-1.
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