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Introduction Model structure Validation using Measured Data

Figure 1 provides a scheme of the method used. It is based upon
vegetation, carbon models, and an inversion algorithm. The first model,
BIOME4, is a physiological process-based global model that is particularly
useful when working with palaeovegetation since it operates with a limited
monthly climates that are easily available. However, its equilibrium design
makes it impossible to directly simulate terrestrial carbon stocks. The
second model, DEMETER, provides a better simulation of the global
biospheric carbon storage within vegetation, litter and soil, but provides
only a simple potential vegetation sub-model derived from the BIOME1
model. To overcome the shortcomings of both approaches, these models

Ice core measurements reveal that CO, concentrations of earth’s atmosphere
exhibit large variations over glacial-interglacial cycles. A key challenge for
understanding long-term global carbon cycling is to identify the potential impacts
of climate change on terrestrial vegetation and carbon storage capacity within
ecosystems. In this respect, Quaternary itself offers the key in understanding
what occurred under large atmospheric CO, variations in the past. A long-
standing issue exists between data concerning the discrepancy of paleocarbon
storage reconstructions since the Last Glacial Maximum by means of pollen,
carbon isotope, and general circulation model (GCM) analysis. In this study, a
new estimate of past biospheric carbon stocks is reported using a new N
paleocarbon model (PCM), which is defined as a physiological process are coupled w_lth b|ome types and NPP that are calculated by BIOME4 and
vegetation model (BIOME4) coupled to a process-based biospheric carbon then used as inputs in the DEMETER model. The pollen data reveals the

model (DEMETER). The PCM was constrained to fit pollen data to obtain ?iome types of sites, but r_10t the corresponding climate, a major_model
e T input. To work around this, each model output was matched with the

pollen data and the model inputs were deduced. Typically, this is an
inversion problem.

To evaluate the reliability of the method: firstly, the
reconstructed biomes had to be compared (Fig. 2a-b).
There are no systematically regional errors between
pollen and predicted biomes. In total, 61% of the biomes
were correctly predicted. The method worked
particularly well for arboreal biomes, which correctly
predicted 57% to 100% of the sites. If climatically
contiguous biomes are acceptable (e.g., STEP/DESE or
SAVA/STEP), it increases to 91%, considered an
acceptable fit. For the other 9% of sites, disagreement
can be explained (1) partly by human impact on modern
vegetation (e.g., deforestation), so that pollen biomes do
not reflect potential vegetation; (2) partly by an incorrect
estimation of the modern climate in mountainous regions
where there are fewer weather stations; or (3) partly by
the uncertainties in pollen-based biomization itself.

Fig. 2: Comparison of each site between
simulated biomes (a) and pollen-based (b)
in Eurasia and Africa at 0 ka BP.

Objectives
< To validate the inversion scheme with observable global vegetation types, Inverse procedure
biomass and soil carbon. The inversion process consists of finding all combinations of climatic
4 To estimate long-term global terrestrial vegetation and carbon dynamics during factors that could support a biome similar to the one observed at a given
glacial-interglacial periods, and improve understanding of the processes| | site. The main input parameters driving vegetation are temperature and

Secondly, statistical
correlations between actual
and reconstructed climate

contributing to global carbon cycle . precipitation. To limit the number of parameters, we fitted the model | variables at pollen sample
outputs to the observed data by changing January and July temperature and * « sites were examined. The
precipitation, and deduced the other monthly parameters. For a given correlations (R?) between the
MethOd and Data pollen site, we selected a four-dimensional vector of climate deviations observed and estimated
Data (i.e., differences between past and modern values). The calculation parameters were significantly

Pollen data compiled by the BIOME600O project concerns three key periods: 0 k, 6 procedure was as follows: (1) We deduced the other monthly components
k and 21 k cal *C BP. For this test, the modern dataset containing 1491 sample sites of the climate using empirical equations; (2) we added the deviations to the
from Africa and Eurasia were used only, covering most of the biome types values for the modern climate and applied the BIOME4 model; and (3) we
throughout the world. The vegetation biomass and soil carbon density data were from yse a transfer matrix to convert the BIOME4 biome to biome scores, and

high, from 0.70 to 0.96 (Fig.
3a-f).

Fig. 3: Correlation between observed climates and predicted values by the model in Eurasia and Africa at 0 ka BP. (a) Mean temperature of the

global observational datasets . compare the simulated biome scores with the observed ones using a coldest month (MTCO), (b) Mean temperature of the warmest month (MTWA), (c) Growing degree-days above 5 ° C (GDD), (d) Ratio of actual to
AClimate, CO. e R . . potential evapotranspiration ( @), (e) Mean annual temperature (MAT), and (f) Mean annual precipitation (MAP). Solid line is the least-squares
1 =0, Euclidian distance between observed and simulated biome scores, then linear regression, and dashed line is the 1:1 line.

Inverse approach

) § calculate the likelinoods (LH) function. (4) The acceptance-rejection rule is *, o N
g H based on the criteria C. If the LH satisfies the rule, we decide to keep the X SE
: climate anomalies; if not, we reject it. (5) We then randomly selected Fig. 4: Correlation between averaged g =
a A 2 . - . PCM carbon simulations and N
= Saa ’ another climate deviation vector and return back to procedure (1) . This v T ST () 3 §
g g Correlation Pollen . . X L. . ge 2 6 |
8 biome | e iterative process stopped when we obtained a sufficient number of valid Vegetation carbon density, and (b) 3 i
: \ 8 scenarios to calculate the a posteriori probability distributions, normally Soil carbon density. The error bars L oot-tnas | 3
g 1 £ . . . are the 95% confidence intervals.
[ees | [ sem | [ roos | H 200-300 scenarios in 5000 iterations or less. In the last step, we deduced
. ] the most probable climate with its confidence percentage using the a B n
i posteriori probabilities o
L i Fig. 1: Schematic diagram of the inverse vegetation ' Thirdly, terrestrial carbon between model reconstructions and measurements was compared.
modeling approach to the paleocarbon reconstruction H i ici inati
: These averages by biome were compared to the data available. The coefficient of determination

was 0.92 for vegetation C (Fig. 4a) and 0.81 for soil C (Fig. 4b). The simulated biome-average
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