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Phase of the Coupled Model Intercomparison Project (CMIP5). Comparison SIS | I VC o - S ] | « 3
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tions indicated that ESMs, on average, had a small positive bias in predic- ° 7 = 8 il ; \. T e = )
tions of contemporary atmospheric CO». A key driver of this persistent bias U F 0 a0 560 580 600 €20 640 680 680 700
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carbon inventories. We exploited a significant linear relationship found be- o ] - B
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create a contemporary CO, tuned model (CCTM) estimate of the trajectory c_§ E 3 o || = vu-mosereo
for the 215t century. The CCTM yielded CO, estimates of 600 + 14 ppm at = E S || comeo
2600 and 947 + 35 ppm at 2100, which were 21 ppm and 32 ppm below 5 o ] - 5 8-
the multi-model mean during these two time periods. Uncertainty estimates E T I 2 7.
derived from this approach were almost 6 times smaller at 2060 and almost o ] - o =
5 times smaller at 2100 than those from the ESM ensemble. The CCTM < T 5 © 3
also significantly narrowed the range of CO.-induced radiative forcing and 1850 1870 1890 1910 1930 1950 1970 1990 2010 S | : %;
temperature increases during the remainder of the 215t century. Because Year § i ?—% — |$| o I

many processes contributing to contemporary carbon cycle biases persist
over decadal timescales, our analysis suggests uncertainties in future cli-
mate scenarios may be considerably reduced by tuning models to the long-
term time series of CO, from Mauna Loa and other atmospheric monitoring
stations.

Figure 2: (a) Ocean and (b) land anthropogenic carbon inventories from CMIP5 models compared to esti- 750 800 850 900 950 1000 1050 1100 1130
mates from Khatiwala et al. (2012). Most ESMs exhibit a low bias in ocean anthropogenic carbon accumulation
from 1870-1930 as compared with adjusted estimates from Khatiwala et al. (2012). ESMs had a wide range
of land carbon accumulation responses to increasing atmospheric CO» and land use change, ranging from a
cumulative source of 84 Pg C to a cumulative sink of 107 Pg C in 2010.

‘ Causes and Implications of the Contemporary Bias I

* A key driver of the persistent high bias was weak ocean carbon uptake exhibited by the majority of ESMs.

CO, Mole Fraction (ppm)

Figure 6: The probability density of CO> mole fraction predictions from the CCTM peaks lower than the prob-
ability density for multi-model mean for (a) 2060 and (b) 2100. In addition, the width of the probability density
is much smaller for the CCTM, by almost a factor of 6 at 2060 and almost a factor of 5 at 2100, indicating a
significant reduction in the range of uncertainty for the CCTM prediction.

Description of Models

Future vs. Contemporary Ocean Accumulation Future vs. Contemporary Land Accumulation

Table 1: Models that generated output used in this study.
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» The high atmospheric CO, bias for the multi-model mean produced radiative forcing that was too large
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Figure 1: (a) Most ESMs exhibit a high bias in atmospheric CO»> mole fraction. The predicted atmospheric
CO-> mole fraction for the 19 historical simulations shown here ranges from 357—405 ppm at the end of the

CMIP5 historical period (1850-2005). (b) The multi-model mean is biased high from 1946 throughout the 20"
century, ending 5.6 ppm above observations in 2005.

Figure 5: The coefficients of determination (R?) for the multi-model bias structure, from which the contem-
porary CO- tuned model (CCTM) was derived, relative to the set of CMIP5 model atmospheric CO, (black),
ocean (blue), and land (green) predictions in 2010, defined as the 5-y mean for the period 2006—2010.
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