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Text S1

Though long term imbalances between weathering and burial of carbon are the
likely cause for the δ13C LIG-Holocene anomaly (Jeltsch-Thömmes et al., 2019;
Jeltsch-Thömmes and Joos, 2020), an alternate explanation may be that there5

was a change in the carbon stored in the terrestrial biosphere.
Past studies have estimated terrestrial carbon by considering conservation

equations for total carbon and 13C during other periods (e.g. Menviel et al.,
2017; Peterson et al., 2014), however there is no published proxy-based global
estimate for the LIG terrestrial carbon. Here, we present mass balances of the10

total carbon and 13C for the LIG and the Holocene. We use our estimation
of a mean oceanic δ13C anomaly of -0.2 h during the LIG than the Holocene
to calculate the change in terrestrial carbon. These equations assume that
the total mass of carbon and the mass of 13C within the atmosphere-land-ocean
system did not change between the LIG and the Holocene and that it was merely15

redistributed between these three reservoirs, thereby excluding exchanges with
the lithosphere. The mass balance for 13C during the LIG and the Holocene
can be expressed as:

∫ ∫ ∫
δ13CALCALdV +

∫ ∫ ∫
δ13COLCOLdV +

∫ ∫
δ13CTLCTLdA

=∫ ∫ ∫
δ13CAHCAHdV +

∫ ∫ ∫
δ13COHCOHdV +

∫ ∫
δ13CTHCTHdA,

(1)

and for the total amount of carbon:

∫ ∫ ∫
CALdV +

∫ ∫ ∫
COLdV +

∫ ∫
CTLdA

=∫ ∫ ∫
CAHdV +

∫ ∫ ∫
COHdV +

∫ ∫
CTHdA,

(2)

where for δ13Clocation,period (h) and Clocation,period (Gt C) period is L (last20

interglacial period) or H (Holocene), and location is A (atmosphere), O (ocean),
or T (terrestrial biosphere). V and A in the integrals are volume and area
respectively.
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Using these equations, we estimate the total amount of terrestrial carbon
based on CO2 and δ13CO2 from ice cores and our estimate of the mean ocean25

δ13C anomaly of 0.2 h in the ocean.
We estimate the total terrestrial carbon at 2,320 Gt C during the Holocene.

This is 50 Gt C less than the pre-industrial estimate of 2,370 Gt C from Köhler
and Fischer (2004) and Ciais et al. (2012) and accounts for the difference between
PI and the Holocene based on ice core estimates (Elsig et al., 2009a). The30

Holocene ocean carbon reservoir is taken at 36,830±170 Gt C, which comes from
the PI estimate from Ciais et al. (2012). We test the upper and lower limit of
this estimate. We also test a scenario where we account for the difference in the
ocean carbon reservoir between PI and the Holocene by assuming 115 Gt C less
oceanic carbon than the minimum estimate of the Holocene (36,545 Gt C). We35

obtain 115 Gt C using a mass balance of the difference between the Holocene
and PI in atmospheric δ13CO2 from Elsig et al. (2009b), the aforementioned
terrestrial carbon difference of 50 Gt C, and loss of carbon due to sedimentation
simulated in Menviel and Joos (2012).

In line with previous studies (e.g. Menviel et al., 2017), we assume that40

the atmospheric δ13CO2 and CO2 is homogeneous for both time periods. We
estimate the atmospheric carbon content based on Eggleston et al. (2016) and
Schneider et al. (2013) for the LIG (125–120 ka BP) and Holocene (7–2 ka BP),
respectively, based on EPICA Dome C and Talos Dome ice core data (Fig. 1d).
We estimate LIG and Holocene CO2 from the stacks found in Köhler et al.45

(2017) (Fig. 1a).
We use an average terrestrial carbon fractionation of -24.3 h based on PI

estimates and consider it to be unchanged from the Holocene. Since the average
δ13C of the terrestrial biosphere depends on the ratio of different plant species,
particularly the ratio of C3 to C4 plants, plant species distributions during50

both the LIG and the Holocene are required for an accurate estimate. However,
while the available literature suggests significant vegetation changes at the LIG
compared to the Holocene (e.g. Sánchez Goñi et al., 2005), there is no available
global reconstruction of plant type distributions based on proxy data (Otto-
Bliesner et al., 2016). Without a reliable estimate of average δ13C for the55

terrestrial biosphere during the LIG, we need to estimate a reasonable range of
variation. The Last Glacial Maximum (LGM) mean terrestrial carbon value has
been estimated as -23.3 h, ∼1 h higher than during the Holocene (Joos et al.,
2004; Ciais et al., 2012). Since vegetation distributions and climatic differences
that affect δ13C were probably smaller between the LIG and the Holocene than60

between the LGM and the Holocene, the variation in mean terrestrial δ13C
should be less. So, we base our LIG δ13C estimate on the PI value but we
consider 1 h as the maximum variability we could expect on this estimate.
We therefore test a mean terrestrial δ13C of -24.3±0.5 h for the LIG in our
calculations.65

To our knowledge, total oceanic carbon has not been estimated for the LIG
in any prior studies. Assuming that the total carbon content has remained the
same across the two time periods, we use the two equations (Equations 1 and
2) simultaneously by substituting the unknown global ocean carbon content
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for the LIG. After this, we calculate the global terrestrial carbon content as70

per Equation 3 using the estimates of δ13C of the ocean for the LIG and the
Holocene from this study.

CTL =
CAHδ

13CAH + COHδ
13COH + CTHδ

13CTH − CALδ
13CAL − δ13COL(CAH + COH + CTH − CAL)

δ13CTL − δ13COL
(3)

We obtain ∼310±44 Gt C less terrestrial carbon during the LIG compared
to the Holocene following the scenarios detailed above (Table S1). The terres-75

trial carbon storage value is most sensitive to the uncertainty in the LIG mean
terrestrial δ13C, while the results are relatively robust to uncertainties in the
marine carbon reservoirs. Furthermore, using this estimate with Equation 2 we
estimate a global ocean carbon reservoir to be 252-338 Gt C greater during the
LIG compared to the Holocene.80

Even though these calculations suggest that the carbon stored in soils at the
LIG was lower than during the Holocene, our mass balance approach contains
significant uncertainties due to the closed system assumption. We therefore
suggest that imbalances in the burial and weathering fluxes of carbon explain
the 0.2 h LIG-Holocene anomaly.85
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Table S1: Global mass balance sensitivity analysis variable inputs and calculated
results. Variable estimates: pre-industrial oceanic carbon (COP , Gt C) and δ13C
for the last interglacial terrestrial biosphere (δ13CTL, h). Calculated results:
last interglacial oceanic carbon (COL, Gt C), last interglacial terrestrial carbon
(CTL, Gt C) and the change in terrestrial carbon from LIG to pre-industrial
(∆CT , h).

COP δ13CTL COL CTL ∆CT

36545 -24.8 36879 1999 -350
36545 -24.3 36839 2040 -309
36545 -23.8 36796 2083 -266
36545 -24.8 36879 1999 -350
36545 -24.3 36839 2040 -309
36545 -23.8 36796 2083 -266
36660 -24.8 36995 1999 -350
36660 -24.3 36955 2039 -310
36660 -23.8 36912 2082 -267
36660 -24.8 36995 1999 -350
36660 -24.3 36955 2039 -310
36660 -23.8 36912 2082 -267
36830 -24.8 37167 1997 -352
36830 -24.3 37126 2038 -311
36830 -23.8 37083 2080 -269
36830 -24.8 37167 1997 -352
36830 -24.3 37126 2038 -311
36830 -23.8 37083 2080 -269
37000 -24.8 37338 1996 -353
37000 -24.3 37297 2037 -312
37000 -23.8 37255 2079 -270
37000 -24.8 37338 1996 -353
37000 -24.3 37297 2037 -312
37000 -23.8 37255 2079 -270
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Supporting Figures
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Figure S1: Benthic δ18O from cores which had not been previously aligned
to LS16: before (panels a, c, e, g) and after (panels b, d, f, h) adjustments
applied in this study to align the δ18O minimum from each core to the nearest
LS16 stack δ18O minimum (black lines, Lisiecki and Stern (2016)) covering the
LIG. Regions: DNA: deep north Atlantic, DSA: deep south Atlantic, DP: deep
Pacific, DI: deep Indian.
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Figure S2: Reconstructed Atlantic δ13C (h) meridional section during the LIG
(125–120 ka BP) and Early LIG (128–123 ka BP). The circular points represent
the proxy data which shows the average δ13C with colour and the number of
points per core with size. The stars represent the proxy data which make up
the end-members. Background shading shows the reconstructed δ13C using a
quadratic statistical regression of the proxy data following the method described
in Bengtson et al. (2019).
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