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 34 

Abstract   The performances of CMIP5 and CMIP6 Earth System models in 35 

simulating China’s terrestrial vegetation biomass were assessed based on two sets of 36 

the observation biomass carbon density data, the first to ninth (1950-2018) China 37 

Forest Resource Inventory data and a set of remote sensing land cover data. The 38 

impacts of different Land-Use Harmonization (LUH) datasets on vegetation biomass 39 

simulations of CMIP5 and CMIP6 models were further explored. Our results show 40 

that both CMIP5 and CMIP6 models overestimate China's total vegetation carbon 41 

storage during 1995-2004 (28.0 ± 6.0 Pg C for CMIP5, 25.3 ± 7.7 Pg C for CMIP6, 42 

and the two sets of reference data are 18.1 Pg C and 18.7 Pg C respectively). The 43 

spatial distributions of vegetation carbon density as simulated in CMIP6 models are 44 

better than those in CMIP5, with improved Taylor Skill Score(TSS) values and 45 

reduced model uncertainties. During 1950-1990, China’s vegetation in CMIP5 and 46 

CMIP6 are carbon sources of -89.4 Tg C yr-1 and -58.2 Tg C yr-1, respectively. These 47 

carbon sources significantly increase to -256.6 Tg C yr-1  (CMIP5) and -171.0 Tg C 48 

yr-1(CMIP6) in the 1980s. During 1990-2014, in CMIP5 the vegetation carbon 49 

sources are much weaker (-48.1 Tg C yr-1) , while in CMIP6 those sources are 50 

changed to weak sinks (42.8 Tg C yr-1, P<0.05). The differences of China's vegetation 51 

carbon between CMIP5 and CMIP6 are closely related to their different land change 52 

conditions. Compared to Land-Use Harmonization (LUH1) in CMIP5, the forest 53 

covers and their changes in LUH2(in CMIP6) are more consistent with China Forest 54 

Inventory data and are closer to that since 1980s. This study implies that LUH 55 

datasets used in CMIPs have large bias from China’s forest and crop trajectories over 56 

the past 65 years. More accurate land cover datasets are essential for improving the 57 

simulation of vegetation carbon in the future CMIP models. 58 

Keywords   CMIP5, CMIP6, vegetation carbon storage, forest coverage, land use change 59 
 60 
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Fig.1 Map of China’s vegetation carbon density of CMIP5, CMIP6 models and observation data, and their 256 

differences during 1995-2004 ( kg C m-2) 257 
(a) CMIP5; (b) CMIP6; (c) difference between CMIP5 andCMIP6 ; (d) IPCC Tier-1; (e)difference between CMIP5 258 
and IPCC Tier-1; (f) difference between CMIP6 and IPCC Tier-1; (g) Xu et al.2021; (h)difference between CMIP5 259 

and Xu et al.2021; (i) difference between CMIP6 and Xu et al.2021 ; (c) uses Student's T-test to test the 260 
significance of the difference between CMIP5 and CMIP6, dotted areas are statistically significant at the 95% level 261 
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Tier-1, yellow represents Xu et al.2021, blue represents CMIP5 models, and green represents CMIP6 models, in 299 

which the solid represents all models and the shadow represents models which joined both CMIP5 and CMIP6 but 300 
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(a ~ b) all CMIP5 models and MME(17); (b) all CMIP6 models and MME(27); (c)models which joined both 322 
CMIP5 and CMIP6 but in different versions and MME(9). The reference data used in Fig.4 (a c e) is IPCC 323 

Tier-1, and the reference data used in Fig.4 (b d f) is Xu et al.2021. All types of MME are represented by five-324 
pointed stars. MME(17) of CMIP5 does not include BNU-ESM. 325 
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Fig.5 TSS of vegetation carbon density of CMIP5 (a c) and CMIP6 (b d) 349 

Taylor Skill Score is used to measure the simulation ability of models. Each model is sorted according to the 350 
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The dotted and blue solid lines show the individual models and multi-model ensemble mean, respectively. Black 375 

solid lines represent Xu et al.2021 . 376 
 377 

CMIP 1990 1990378 

1950-1990 1990-2014 CMIP 、379 

MME 7 1950-1990 7a380 

d CMIP5 CMIP6 MME 。381 

。 -18 g C m-2 yr-1 1990-2014 CMIP5 CMIP6382 

MME “ ” 7b e CMIP5383 

-12 g C m-2 yr-1 CMIP6 12 g C m-2 yr-1 Xu et 384 

al.2021 7c CMIP5385 

2004 2000386 

CMIP 2000-2014387 

1990-2014 CMIP5388 

CMIP6 Xu et al.2021 1990389 

“ ” 0 6 g C m-2 yr-390 



1 CMIP5 CMIP6 Yu (2022) Xu (2021)391 

1980 、 6b392 

7e393 

 394 

 395 
3 7 �kTR Xu et al.2021�c�5 2000-2014C�CMIP5�a~ b�1 CMIP6�d ~ e�5 1950-1990C1396 

1990-2014C�2�6e�u<Er,#� �'�:g C m-2 yr-1� 397 
3�Mo%87@�� 95%rY�Jb� 398 
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Fig.8 Change of vegetation coverage in CMIP5 and CMIP6 during 1950-2014 (%). 420 
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Fig.10 Cluster analysis diagram of vegetation carbon storage change patterns in historical period 486 

(1950-2014) 487 
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Table 2: Comparison on area and carbon stocks of various types of vegetation 531 

  �-�!2�4)�×104km2� �-�!2�(�3�Pg C� 

 �� CMIP5 CMIP6  �#� �
'*.� CMIP5 CMIP6 �
'*.� 

 � 1950-1962

�5"� 

272.6±134.8 233.0±39.0 113.36  17.3±8.1 14.8±6.0  

1973-1976

�+�"� 

260.1±129.0 224.8±40.8 121.86  16.0±7.7 13.9±5.8  

1977-1981

�+�"� 

256.0±127.0 221.7±41.2 115.28  15.7±7.5 13.6±5.8  

1984-1988

�+�"� 

244.4±121.4 209.2±42.0 124.65  14.6±7.0 12.5±5.5  

1989-1993

�+�"� 

236.5±118.0 202.0±42.6 133.70 127.06 (Ni, 2001)�

108.6(Pan et al., 2004)�

91.43 (Zhao et al., 2006) 

13.8±6.7 12.0±5.4 6.2(�%1 ,, 2000)�4.2(��

� ,, 2000)�9.11 (Ni, 2001)�

4.34(Pan et al., 2004)�

3.78(Zhao et al., 2006)� 

1994-1998

�+	"� 

232.5±115.5 202.5±42.7 158.94 105.82(Fang et al., 2001) 13.5±6.7 12.1±5.4  

1999-2003

�+"� 

227.7±113.4 202.6±42.7 174.91 142.8(Fang et al., 2007)  13.3±6.7 12.2±5.4 5.85(Fang et al., 2007)�5.51(�

�/ ,, 2007) 

2004-2008

�+�"� 

 202.9±42.9 195.45   12.2±5.4  

2009-2013

�+�"� 

 204.9±43.1 207.69   12.5±5.5  

2004-2014  204.0±43.0 220.45a 195.89(Xu et al., 2018)  12.4±5.5 11.49±3.18(Xu et al., 2018) 

 2011-2015  205.2±43.0  188.20(Tang et al., 2018)  12.5±5.5 10.48±2.02(Tang et al., 2018) 



10.9(Chen et al., 2023)  

0� 1981-1988 184.6±178.8 

 

272.5±141.8  298.97(Ni, 2002)�

334.1(Piao et al., 2007)�

331.4(Fang et al., 2010) 

4.2±3.9 

 

5.0±3.1 3.06(Ni, 2002)�1.05(Piao et al., 

2007)�0.99(Fang et al., 2010) 

2003-2004 181.2±179.9 

 

271.5±140.0  331(Fan et al., 2008) 3.8±3.5 

 

5.0±3.1 3.32(Fan et al., 2008)  

2004-2014  278.2±139.1  280.44(Xu et al., 2018)  5.3±3.2 1.94±0.55(Xu et al., 2018) 

2011-2015  278.2±139.1  281.3(Tang et al., 2018)  5.3±3.2 1.35±0.47(Tang et al., 2018) 

�& 

 

 

 

$� 

1979 107.8±14.3 86.9±29.6  151(Yu et al., 2021) 3.7±0.6 3.1±1.5  

2004-2014 149.8±20.8b 104.3±33.9  171.53(Xu et al., 2018) 4.4±0.9b 3.3±1.6  

2011-2015  102.3±32.9  171.3(Tang et al., 2018)  3.3±1.6 0.55±0.02(Tang et al., 2018) 

2016  101.9±32.9  134.92(Yu et al., 2021)  3.3±1.5  

2004-2008 34.1±21.6 21.6±31.2 53.65  0.22±0.1 0.40±0.69  

2009-2013  21.8±31.3 55.90   0.41±0.70  

2004-2014  22.0±31.3  77.69(Xu et al., 2018)  0.41±0.71 0.44±0.10(Xu et al., 2018) 

2011-2015  22.0±31.3  74.3(Tang et al., 2018)  0.41±0.71 0.71±0.23(Tang et al., 2018) 

&����!��1���)�(�4+�� CMIP5���6�
 12��8��6�� 4�#��� CMIP6���6�
 17��15��17�� 10�#�� 532 
a�2- 2014-2018��/	$' *!�8. 533 
b�2- 2004� CMIP5#�*#�� 534 
Note: For forest, grassland, crop and shrub coverage, 12, 8, 6 and 4 models were selected in CMIP5, and 17, 15, 17 and 10 models were selected in CMIP6. 535 
a: The forest area of the ninth China Forest Resource Inventory (2014-2018) 536 
b: The values are simulated by CMIP5 in 2004.537 
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