
We thank Peter Köhler for his useful comment and advices. 
 
Accordingly, we have modifed section 2 and figure 2 in the revised manuscript. Particularly: 
- we now recommend using the final spline-smoothed GHG data published in Köhler et al. (2017). 
- regarding the issue related to missing N2O data before 134 ka we also follow his suggestion to linearly 
increase N2O from 201 ppb at 140 ka to 218.74 ppb at 134.5 ka. 
- regarding the greenhouse gas concentration values to use for the 140 ka spin-up, we now recommend 
using the averaged CO2 and CH4 concentrations between 139 and 141 ka, i.e. 191 ppm and 385 ppm 
respectively. Consequently, the CO2 and CH4 values between 140 and 139 ka will be linearly interpolated 
between the 140 ka spin-up values and the values at 139 ka from the spline-smoothed curves to avoid 
artificial jumps: 196.68 ppm and 287.65 ppb respectively. 
 
Please find attached below the revised section 2 and Figure 2. 
 
Many thanks again. 
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GHG records are available solely from Antarctic ice cores across the time interval 140-127 ka (Fig. 2). LIG GHG records

from the NEEM and other Greenland ice cores are affected by stratigraphic disturbances and in-situ CO2, CH4 and N2O

production (e.g. Tschumi and Stauffer, 2000; NEEM community members, 2013). The NGRIP ice core provides a continuous

and reliable CH4 record but it only extends back to ∼123 ka (North Greenland Ice Core Project members, 2004). After a brief

description of existing atmospheric CO2, CH4 and N2O records (below), we recommend using recent spline-smoothed GHG5

curves calculated from a selection of those records (Köhler et al., 2017). They have the benefit to provide continuous GHG

records, with a temporal resolution of 1 yr on the commonly-used AICC2012 gas age scale (Bazin et al., 2013; Veres et al.,

2013). Note that this time scale is associated with an average 1σ absolute error of ∼2 kyr between 140 and 127 ka.

Atmospheric CO2 concentrations have been measured on the EDC and TALDICE ice cores (Fig. 2). The EDC records from

Lourantou et al. (2010) and Schneider et al. (2013) agree well overall. The Schneider et al. (2013) dataset depicts a long-term10

CO2 increase starting at ∼137.8 ka and ending at ∼128.5 ka with a centennial-scale CO2 rise above the subsequent LIG CO2

values, also referred to as an "overshoot". The CO2 overshoot is smaller in the Schneider et al. (2013) dataset compared to

a similar feature measured in Lourantou et al. (2010): while the former displays a relatively constant CO2 concentration of

∼275 ppm between 128 and 126 ka, the latter shows a CO2 decrease from 280 to 265 ppm between 128 and 126 ka. The

offsets between CO2 records from the same EDC core are likely related to the different air extraction techniques used in the15

two studies (Schneider et al., 2013). The smoothed spline CO2 curve across TII we recommend using as forcing is based on

those two EDC dataset and the calculation method accounts for such potential difference in local maxima (details provided in

Köhler et al. (2017)).

Atmospheric CH4 concentration records from Vostok, EDML, EDC and TALDICE agree well within the gas-age uncer-

tainties attached to each core (Fig. 2). They illustrate a slow rise from ∼390 to 540 ppb between ∼137 ka and 129 ka that is20

followed by an abrupt increase of ∼200 ppb reaching maximum LIG values at ∼128.5 ka. Because CH4 sources are located

mostly in the NH, an interpolar concentration difference (IPD) between Greenland and Antarctic CH4 records exists.

For instance, an IPD of ∼14 ppb, ∼34 ppb and ∼43 ppb is reported during the LGM, Heinrich Stadial 1 and the Bølling

warming respectively (Baumgartner et al., 2012). However, without reliable CH4 records from Greenland ice cores, it remains

challenging to estimate the evolution of the IPD across TII. Hence, for the atmospheric CH4 forcing of future TII transient25

simulations, we recommend using the smoothed spline CH4 curve which is solely based on the EDC CH4 record (Köhler et al.,

2017), recognising that the values may be 1-4% lower than the actual global average.

Both CO2 and CH4 concentrations undergo some rapid changes around 140 ka, which is also the time when the mod-

els should spin up. To avoid possible artificial abrupt changes in the GHG we recommend using as spin-up CO2 and CH4

concentrations, the average values obtained for the interval 139-141 (i.e. 191 ppm for CO2 and 385 ppb for CH4, Table 1).30

Consequently, CO2 and CH4 changes between 140 and 139 ka provided in the forcing scenarios are linearly interpolated be-

tween the 140 ka spin-up values and those at 139 ka of 196.68 ppm for CO2 and 287.65 ppb for CH4. From 139 ka, the use of

the spline-smoothed curves from Köhler et al. (2017) are recommended.

Atmospheric TALDICE, EDML and EDC N2O records are available between 134.5 and 127 ka (Fig. 2) (Schilt et al., 2010;

Flückiger et al., 2002). From 134.5 to 128 ka, N2O levels increase from ∼220 to 270 ppb. Following a short decrease until35

∼127 ka, N2O concentrations stabilise afterwards. No reliable atmospheric N2O concentrations are available beyond 134 ka as

N2O concentrations measured in the air trapped in ice from the penultimate glacial maximum are affected by in-situ production

related to microbial activity (Schilt et al., 2010). During the LGM (considered here as the time interval 26-21 ka), the average

N2O level was ∼201 ppb. Assuming the LGM is an analogue for the penultimate glacial maximum, we propose a 140 ka

spin-up value and N2O transient forcing curve that starts with a 201 ppb level and then linearly increases to 218.74 ppb at40

134.5 ka. From 134.5 ka, we recommend using the N2O smoothed spline curve calculated by Köhler et al. (2017) and which

is based on the TALDICE and EDC discrete N2O measurements.

Note that the CO2 and N2O levels from the spline curves at 127 ka (274 ppm and 257 ppb) only differ from the values chosen

as boundary conditions for the PMIP4 lig127k equilibrium experiment by 1 ppm and 2 ppb respectively (Otto-Bliesner et al.,

2017; Köhler et al., 2017). The comparison is less direct for CH4. Indeed a global CH4 value (685 ppm) rather than an Antarctic45

ice core-based CH4 value (e.g. CH4 level of 660 ppm at 127 ka in Köhler et al. (2017)) is proposed as forcing for the lig127k

simulations. However, this difference in global atmospheric CH4 and Antarctic ice core CH4 concentration is similar to the one

observed during the mid-Holocene (23 ppb) (Otto-Bliesner et al., 2017; Köhler et al., 2017).
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Figure 2. Atmospheric greenhouse gas concentrations: Atmospheric trace gases through the penultimate 
deglaciation from Antarctic ice cores displayed on the AICC2012 chronology (Bazin et al., 2013; Veres et 
al., 2013). a) Atmospheric CO2 concentrations from EDC (turquoise and blue) (Lourantou et al., 2010; 
Schneider et al., 2013) and TALDICE (green) (Schneider et al., 2013). b) Atmospheric CH4 concentration 
from EDC (Loulergue et al., 2008) (blue), Vostok (Petit et al., 1999) (orange), TALDICE (Buiron et al., 
2011) (green) and EDML (Capron et al., 2010) (grey). c) Atmospheric N2O concentration from EDC 
(Flückiger et al., 2002) (blue), EDML (Schilt et al., 2010) (grey) and TALDICE (Schilt et al., 2010) (green). 
Transient experiments should be forced by the smoothed splines of CO2, CH4 and N2O concentrations as 
shown in black (Köhler et al, 2017). Between 140 ka and 134.5 ka, N2O should increase linearly from 201 
ppb to 218.74 ppb at (dashed black line). Red crosses indicate the 140 ka spin-up values for CO2, CH4 
and N2O concentrations (191 ppm, 385 ppb and 201 ppb, respectively). 
 

 


