
SCIENTIFIC CORRESPONDENCE 

Terrestrial carbon 
storage at the LGM 
SIR - Several studies have yielded disc
repant estimates for the change in carbon 
storage from the Last Glacial Maximum 
(LGM) to pre-industrial times which 
range widely from -0 to + 1,350 Pg (1 
Pg=l015 g) (refs 1-6). 

Two recent advances now permit a 
more rigorous evaluation of the available 
estimates of change in terrestrial carbon 
storage using the change in whole ocean 
b13C value from LGM to pre-industrial 
times6

: (1) the b13C value of atmospheric 
carbon dioxide is known to have been 
0.3-0.7%0 lower than present during the 
LGM (see ref. 7); and (2) it is possible to 
estimate the bulk b13C value of carbon 
in pre-industrial biomass. From this 
information it is possible to calculate 
what the b13C value of terrestrial biomass 
at the LGM would have to be in order 
to satisfy the mass/isotope balance for a 
specified change in carbon storage 
(see figure). 

The b13C value of carbon in pre
industrial terrestrial biomass can be esti
mated in two ways. The first is based on 
over 250 carbon-isotope published8 and 
unpublished analyses of surface soils from 
C3 biomes spanning latitudes from 0-60° 
and 4,600 m of altitude. The b13C values of 
surface soils in those biomes in which C4 
species are present are more difficult 
to constrain, but can be specified 
within broad limits from published 
soil b13C values. This approach suggests 
that the isotope composition of carbon 
in the gre-industrial terrestrial bio
sphere (b 3Cb) had a value of not less than 
-25 %0, using the range of available es
timates for modem carbon storage in 
each of the major biomes1- 5 _ An alter
native modelling approach based 
on physiological considerations9 yields 
a bulk b13C value of not higher than 
-22%0 for carbon in pre-industrial 
terrestrial biomass. 

The curves in the figure depict the 
relationship between change in carbon 
storage from the LGM to pre-industrial 
times (mb-mb,) and the carbon-isotope 
composition required for carbon in ter
restrial biomass at the LGM (b13Cb,) to 
balance a whole-ocean b13C value of 
-0.32o/oo (for b13Cb = - 22 to - 25%0). It 
is immediately apparent that the high 
estimate of Adams et al. 2 (1,350 Pg) 
is implausible as it would require that the 
b13C value of the terrestrial biosphere 
be - -50%0 at the LGM. The remaining 
published estimates yield more reason
able values, so to narrow the field further 
it is necessary to make an estimate of the 
difference in b13C value of carbon in 
terrestrial biomass between LGM and 
pre-industrial times. 
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Using the estimates for 
b13Cb (discussed above), 
the b13C value of the LGM 
atmosphere and incorporat
ing the possibility that iso
tope discrimination in C3 
plants was reduced at the 
LGM10

, it is possible to esti
mate the difference in the 
bulk b13C value of carbon in 
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the terrestrial biosphere at ;J" -30 
the LGM relative to pre- !!.
industrial times using the 
published biome distribu
tions at the LGM1

-
5

. Such a 
calculation suggests that the 
bulk b13C value of carbon in 
the terrestrial biosphere at 
the LGM was 0--2%0 en
riched in 13C relative to the 
pre-industrial biosphere. 
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~ range of values which 
satisfy the mass balance 

The range of changes in 
carbon storage which satisfy 
the mass balance considera
tions is 310--550 Pg for a 
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b13Cb of -25%0 to -22%0. 
From these estimates it can 
be seen that the low esti
mate of Prentice and Fung1 

cannot be correct, as their 
estimate would require a 
pre-industrial versus LGM 
difference in the b13C value 
of terrestrial carbon of over 
5%o to satisfy the mass ba
lance. If it is assumed that 
the true value of b13C0 , is 
not precisely known to be 
-0.32%0, but can be ex
pected to lie between -0.3 
and -0.4%0, then the range 
of permissible changes in 
carbon storage increases to 
270--720 Pg, still precluding 
the highest and lowest pub
lished estimates. This range 
is similar to that of Prentice 

Calculated o13C value of carbon in the terrestrial biosphere at 
the LGM (ob,) required to satisfy the mass balance 
for a specified change in carbon storage (mb-mb,), given 
by the following equation: 

ob,= [oama + obmb + Oomo - Oa,ma, - Oo,(mo + (ma - ma,)+ 
(mb - mb,))]/mb. 

where: Oa = o13C value of carbon dioxide in pre-industrial 
atmosphere (-6.5%0); ma= mass of carbon in pre-industrial 
atmosphere (600 Pg); ob =o13C value of carbon in pre
industrial terrestrial biosphere (-22 to -25%0); mb = mass 
of carbon in pre-industrial terrestrial biosphere (2,200±100 
Pg); 00 = 013C value of pre-industrial oceanic carbon reservoir 
(0%o); m0 = mass of carbon in pre-industrial oceanic carbon 
reservoir (38,000 Pg); ob. = o13C value of carbon in LGM 
biosphere (0 _to 2%o higher than ob); mb' = mass of carbon in 
LGM terrestrial biosphere; Oa, = o13C value of carbon dioxide 
in LGM atmosphere (- 7 .0±0.2%0); ma' = mass of carbon in 
LGM atmosphere (430 Pg); 00 , = o13C value of oceanic carbon 
reservoir at LGM (-0.32%0); m0 , = m0 +(ma-ma,)+(mb-mb,) = 
mass of oceanic carbon reservoir at LGM. Note: the range for 
ref. 3 includes 100-300 Pg peat accumulation5

. 

et al. 5 and Friedlingstein et a!.3, and over
laps the lower end of the range cited by 
Van Campo et al. 4

. 

The 'true' change in terrestrial carbon 
storage probably lies towards the lower 
end of the range given above, because (1) 
C4 species are at a competitive advantage 
at low pC02 values and therefore may 
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have made up a larger proportion of 
biomass in any given biome at the LGM11; 
and (2) the mass balance approach used 
here does not include the possibility that 
low-13C carbon of marine origin may have 
been sequestered on the continental 
shelves during post-glacial sea-level rise6

• 

Nevertheless, the isotope mass balance 
approach applied here does go a con
siderable way to narrowing the range 
of plausible estimates for changes in 
carbon storage from the LGM to the 
present, and is in substantial agreement 
with several of the previously published 
estimates. 
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