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Response of Terrestrial Carbon Cycle:
Climate Variability in CarbonTracker and CMIPS Earth System Models
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Abstract This study analyzes the spatio-temporal variability of terrestrial carbon flux and the
response of land carbon sink with climate factors to improve of understanding of the variability
of land-atmosphere carbon exchanges accurately. The coupled carbon-climate models of CMIP5
(the fifth phase of the Coupled Model Intercomparison Project) and CT (CarbonTracker) are
used. The CMIP5 multi-model ensemble mean overestimated the NEP (Net Ecosystem Produc-
tion) compares to CT and GCP (Global Carbon Project) estimates over the period 2001~2012.
Variation of NEP in the CMIP5 ensemble mean is similar to CT, but a couple of models which
have fire module without nitrogen cycle module strongly simulate carbon sink in the Africa,
Southeast Asia, South America, and some areas of the United States. Result in comparison with
climate factor, the NEP is highly affected by temperature and solar radiation in both of CT and
CMIPS. Partial correlation between temperature and NEP indicates that the temperature is
affecting NEP positively at higher than mid-latitudes in the Northern Hemisphere, but opposite
correlation represents at other latitudes in CT and most CMIPS5 models. The CMIPS models
except for few models show positive correlation with precipitation at 30°N~90°N, but higher
percentage of negative correlation represented at 60°S~30°N compare to CT. For each season,
the correlation between temperature (solar radiation) and NEP in the CMIP5 ensemble mean is
similar to that of CT, but overestimated.
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Table 1. Description of CMIP5 models used in this study.
Land Carbon
Model Institute Resolution Reference
Model name Nitrogen-cycle Fire
BCC-CSM1.1 BCC 2.813° x2.813° BCC-AVIMI.0 N N Wuetal. (2013)
CanESM2 CCCma 2.813° x 2.813° CLASS N N Arora et al. (2011)
CESM1-BGC NSF-DOE-NCAR 0.9° x 1.25° CLM4 Y Y Longetal. (2013)
GFDL-ESM2G  NOAA-GFDL 2°%x2.5° LM3 N Y Dunne et al. (2012, 2013)
GFDL-ESM2M  NOAA-GFDL 2°%x2.5° LM3 N Y Dunne et al. (2012, 2013)
HadGEM2-CC  MOHC 1.25° x 1.875°  JULES N y  Collins et al. 2011);
Jones et al. (2011)
HadCEM2-ES ~ MOHC 1.25° x 1.875°  JULES N y  Collins et al. 2011);
Jones et al. (2011)
IPSL-CMSA-LR IPSL 1.875° x3.75°  ORCHIDEE N Y Dufresne et al. (2013)
o o Watanabe et al. (2011);
MIROC-ESM MIROC 2.813° x2.813° MATSIRO N N Raddatz et al. (2007)
o o Brovkin et al. (2009);
MPI-ESM-LR MPI-M 1.875° x 1.875° JSBACH N Y Maier-Reimer et al. (2005)
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Fig. 1. Temporal evolution of global Net Ecosystem Production (NEP) from the fifth Coupled Model Intercomparison Project
(CMIP5) models compared to the estimates from CarbonTracker (CT) and Global Carbon Project (GCP). The gray shading
represents the range of variability of the 10 CMIP5 models. The green shaded area shows the confidence level using t
distribution with CMIP5 ensemble mean (white line) and standard deviation.
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Fig. 2. Global distribution of mean NEP (gCyr'm™) from CT and 10 CMIP5 models for 12 years (2001~2012). Positive

values indicate carbon uptake.
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Fig. 3. The averaged zonal distribution from NEP for CT and CMIPS models for the same period in Fig. 2.

CarbonTracker CanESM2

-1 -08 -0.7 -05 -03 0 03 05 07 08 1

Fig. 4. Partial correlation coefficient between NEP and 2m temperatures from CT and CMIP5 models. The overlaid bar graphs
show the fractional percentage (%) of positive (blue bars) and negative (red bars) correlation coefficient at 30° latitude intervals.
Shadings are significant correlation coefficient at confidence level 90% using student t-test.
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Fig. 5. Same as Fig. 4 but for using precipitation.
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Fig. 6. Same as Fig. 4 but for using surface net solar radiation downwards.
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from CT and CMIP5 models.
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Fig. 8. Partial correlation coefficient between NEP and spring, summer, autumn and, winter 2 m temperatures from CT (a-d)
and multi model ensemble mean (e-h). Different months for a season have been used for each Hemisphere, and a season has
been represented by the Northern Hemisphere. The overlaid bar graphs show the fractional percentage (%) distribution of

positive (blue bars) and negative (red bars) correlation coefficient at 30° latitude intervals. Shadings are significant correlation
coefficient at confidence level 90% using student t-test.
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Fig. 9. Same as Fig. 8 but for using surface net solar radiation downwards.
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