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1 Introduction

We thank the referee for the insightful comments and the supportive review. We will revise the paper in response to your

comments, and we think that the paper will improve substantially as a result.

1.1 Comment 1

1.1.1 Referee comment5

Firstly in the introduction the authors state: “ a key question is whether the airborne fraction is increasing ” but they do not

say why. It would be good if they would add why this is so.

1.1.2 Answer

We will add some text in the paper explaining the importance and add some references to the literature such as Gloor et al.

(2010), Raupach et al. (2014), Bacastow and Keeling (1979), Schimel et al. (2001).10

1.2 Comment 2

1.2.1 Referee comment

Sentence just above - 24% and 31% - I would add a reference here - and possibly uncertainties - just for completeness.
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1.2.2 Answer

We will add a reference to Le Quéré et al (2018). (We calculated these numbers from the GCB data.) Similar numbers have

been reported elsewhere, e.g., Ballantyne et al. (2012).

1.3 Comment 3

1.3.1 Referee comment5

When applying the Kalman filter the authors will need to initialize it. I may have missed it but if not it would be good if the

authors would add this in the main text.

1.3.2 Answer

We use a diffuse initialisation of the Kalman Filter as outlined in Chapter 5 of Durbin and Koopman (2012). We will make this

clear in the main text in Section 2.10

1.4 Comment 3

1.4.1 Referee comment

Finally my comment - while all the results are sound - what the paper does not explain is the true reason for the decrease in

sink rates - and thus it is not clear whether a decreasing sink rate is alarming or not. It would be nice if the authors could

comment on that - but it is not a necessary condition.15

Some earlier papers actually give a clue what the real reason may be.

1.4.2 Answer

Thank you for pointing this out. Raupach (2013) argue that a necessary condition for a constant sink rate is that emissions (Et)

grow exponentially. Hence, a decreasing sink rate could be the result of less-than-exponential growth in emissions.

Another explanation can be fertilisation/saturation of the sinks. To illustrate this, we focus on the land sink rate, since we20

find some evidence in the paper for a decreasing land sink rate. Recall that (Equation (5) in the main paper)

SL
t = kL,t ·Ct,

where kL,t is the land sink rate, SL
t the land sink CO2 flux, and Ct the amount of CO2 in the atmosphere above pre-industrial

levels. If the flux of CO2 to the land sink was linear in Ct, then kL,t would be constant. Conversely, a decreasing kL,t implies

that the efficiency with which the land sink absorbs CO2 is decreasing. That is, the flux of CO2 to the land sink is non-linear25

in Ct and this non-linearity is such that the efficiency is decreasing. This is in line with simulation results from climate cycle

models (Friedlingstein et al., 2006).
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We can illustrate how such non-linearities can arise. The precise relationship between SL
t andCt still alludes us but Bacastow

and Keeling (1973) (p. 94) suggest that (in our notation):

SL
t ≈ β log(1+Ct/C0),

wherre C0 = 591.30 GtC is the amount of CO2 in the atmosphere in pre-industrial times. Using this, we can deduce

SL
t ≈ β log(1+Ct/C0)5

≈ βCt

C0
− 1

2
β

(
Ct

C0

)2

.

Now, if C0 is large as compared to Ct, this shows how a linear specification between SL
t and Ct might be reasonable. However,

once Ct becomes large as compared to C0, this shows how the the estimated sink rate can be found to be decreasing. To see

this, use the above to write

SL
t ≈ kL,tCt,10

where

kL,t =
β

C0
− 1

2

β

C0
Ct

C0

is decreasing inCt. For example, we haveC1959 ≈ 80 GtC andC2016 ≈ 267 GtC, resulting inC1959/C0 ≈ 14% andC2016/C0 ≈
45%.

1.4.3 Plan to change paper in response15

We will add the references and the discussion to the main paper.
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