Net carbon sink of China was overestimated by more than 35%
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Emission flux of activated carbon and biological respiration

At present, the research on the activated carbon emission flux (FERC) of the key part of carbon consumption in natural ecosystems mainly includes FECH4, FENMVOC, FECO, FECI.
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FECH4 is the carbon consumption flux PgC yr-1 of terrestrial ecosystems caused by methane emissions from FERICE, FENW, FEIake, and FEplant. FENMVOC is the carbon consumption flux PgC yr-1 of the terrestrial ecosystem caused by NMVOC emissions. FECO is the carbon consumption flux PgC yr-1 of the terrestrial ecosystem caused by CO emissions.

Irrigated paddy fields serve as an important source of atmospheric CH41,2

{Shinoda, 2019 #180;Hussain, 2015 #181}
. Based on the measured data of the factors affecting CH4 emissions and NPP, the conversion rate of NPP and CH4 emissions from rice fields in China is determined to be 1.8%. Although this method ignores the impact of different management methods on CH4, it is generally considered to be a practical method. 

Natural wetlands, which account for 5% of the world’s land surface 3, contribute 20% of global annual CH4 emissions and become the largest natural source of atmospheric CH4 4. We are based on the classification of wetlands in China and based on wetland CH4 emission estimation methods5, Estimated the CH4 emission flux of China’s regional wetlands from 2000 to 2018.
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ME represents wetland (FENW) and lake (FElake) emission flux (TgC yr-1). F represents the average seasonal emission flux of type i wetland (mg CH4 m-2 h-1), and “A” represents the area of type i wetland (m2). D represents the growth time of plants in class i (h).
Under aerobic conditions, terrestrial plants can easily form CH4. This paper uses the aerobic plant CH4 emission model (PLANTCH4) 6 to estimate the CH4 emission of aerobic plants in my country. The formula is as follows:
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P(CH4)annual is the annual production (g yr-1). NPP is the net primary production of biome type (1015gC yr-1). SL is season length (d). ERsun and ERnosun are the measured emission rates of CH4 with or without direct sunshine（10-9 per g (dry weight) biomass h-1), hsun and hnosun are hours with or without sunshine (h d-1).
NMVOC in the environment includes natural sources and anthropogenic sources. From a global perspective, the proportion of natural sources is relatively high 7. We estimate China's NMVOC according to the method of 8,9, and the formula is as follows: 
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EISOP is the isoprene emission flux. ETMT and EOVOC are the emission fluxes of monoterpenes and other VOCS, respectively. ε is the basic emission rate. Dp is leaf biomass density. Df is the ratio of leaf biomass density to annual peak leaf biomass density. γp、γt、γa are photosynthetically active radiation influence factors, temperature influence factors, leaf age influence factors, respectively. ρ is the escape efficiency. The calculation method refers to the literature8,9. 
FECI is the carbon consumption flux of the terrestrial ecosystem caused by biological respiration(PgC yr-1). We use the forest pests and diseases data in the forestry statistical yearbook, based on the method of forest pests and diseases carbon flux estimation10, to approximate the carbon emissions caused by pests, diseases, and rodents in my country's forest and grassland ecosystems from 2000 to 2018. Formula as follows:
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S is the annual occurrence area of forest pests and rodents (ha yr-1). V is the loss of wood per unit area (m3 ha-1 yr-1). Dwood is the basic density of ton of dry matter (0.53Tm3). i is the type of disaster, including pests, diseases, and rodents. j disaster severity includes mild, moderate, and severe.
Ecosystem carbon consumption flux caused by human disturbance
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The i represents different crop types. HIi is the ratio of crop harvest yield to total dry matter. Cwi quoted the published data in 11 and added supplementary materials (Table 1). The carbon content of Cci is set to 0.45 according to (Intergovernmental Panel on Climate Change, IPCC) regulations12.
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Bi means biomass, UIi means forest product use efficiency, log and bamboo are 0.535, new wood is 0.65 13. CFi is the carbon content of 0.5 in dry matter. BY log biomass, N bamboo plant number, BX fuelwood biomass. The basic density of QY logs is 0.485, M is the average biomass of bamboo per plant of (63.46kg)14. The basic density of Qx fuelwood is(0.485t m-3). The yield of VY log (t) and Vx fuelwood (t).
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YG hay yield (kg yr-1). CWG is the water content of hay, which is 14% according to the national standard. HIG is the hay harvesting index. CCG is the carbon content of dry matter (0.5). Sbn is the conversion coefficient of grassland biomass into NPP, which is (0.45gC yr-1) 15. SWG is the ratio coefficient of underground biomass to above-ground biomass, which is 8.99 for alpine meadows and 3.81 for alpine grasslands16. Temperate steppe type is 4.25, temperate desert steppe type, alpine desert and temperate desert type are 7.89, warm shrub-grass is 4.42, marsh type is 15.68 17.

Natural disturbance emission carbon flux

Current research on forest carbon sinks mostly uses biomass method and stock volume method 17,18. The storage volume method covers the carbon storage and carbon flow of forest, understory and soil, and can more fully reflect the objective dynamics of the forest carbon pool subsystem 19.
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CF is the forest carbon sink( t). Sij is the area of type “j” forest type in the“i”type area (hm-2). Cij is the biomass carbon density of the “j”forest type in the“i”type area (t hm-2). Vij is the stock volume per unit area of the “j” type forest type in the “i” type area (t hm-2). δ is the biomass expansion coefficient, α is the carbon conversion coefficient of understory plants, β is the soil carbon conversion coefficient, ρ is the volumetric coefficient, γ is the carbon content%. Pd, Pt and Ps are the percentages of carbon storage in undergrowth, forest and soil, respectively.

Forest fire is the main factor that interferes with forest carbon sinks 20,21. This study uses the biomass consumption method described in formula (19) to account for it 21.


[image: image19.wmf]E

C

A

C

FI

i

MI

´

´

=

                            (19) 

CMi, Ai, CFi and E are respectively the carbon emission (t), the area damaged by the fire (hm-2), the forest carbon sink (t), and the combustion efficiency in year “i” due to the fire.

The carbon transported by rivers to the ocean exists in four forms: particulate organic carbon (POC), particulate inorganic carbon (PIC), dissolved organic carbon (DOC) and dissolved inorganic carbon (DIC)13. Particulate carbon flux (FPC) is the sum of the fluxes of PIC and POC, multiplied by suspended sediment (TSS) and POC concentration (POC%) or PIC concentration (PIC%):
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FPIC and FPOC are the fluxes of PIC and POC, respectively. TSS is the amount of sediment at the estuary site t yr-1, and POC% is the concentration of POC or PIC% is the concentration of PIC22.

Dissolved carbon flux (FDIC) is the sum of the fluxes of DIC and DOC, calculated by multiplying the river runoff (R) by the DOC concentration DOC% or the DIC concentration DIC% as follows:
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The FDIC and FDOC are traffic of DIC and DOC respectively. R uses the runoff data from the nearest station to the river entrance for the annual runoff of the river. DOC% is the DOC concentration, DIC% is the DIC concentration23,24.

Appendix B: Supplementary Information Tables

Table S1. Main results of China NRCB in previous research reports
	Model
	Study period
	NRCB

（PgCyr-1）
	Reference

	Atmospheric inversion method
	2002-2008
	0.31
	25

	Atmospheric inversion method
	2001-2010
	0.33
	26

	DLEM
	2001-2005
	0.28
	27

	Resource inventory method
	2004-2008
	0.28
	28

	Eddy covari-ance measurements
	2001-2010
	0.97
	29


Table S2. CH4 emission flux statistics from rice fields in China.

	Method 
	CH4emission (Tg yr-1)
	Study period 
	Reference

	A semiempirical model developed by Huang et al30.
	5.39-10.22
	1991-1995
	31

	Revised model of Huang et al30.
	6.95
	2000
	32

	Revised model of Huang et al30.
	5.63
	2007
	33

	CH4MOD
	3.99-4.67
	1990-2000
	34

	CH4MOD
	4.52
	2000
	35

	DNDC model 
	5.7
	2000
	36

	DNDC model 
	8.20
	2012
	37

	Based on a conversion ratio of NPP to CH4
	4.39-5.43
	1990-2000
	38

	Model with changing land use
	15.15
	1996
	39

	Based on emission factor
	5.56
	-
	40

	Based on emission factor
	7.25-9.50
	1990
	41

	A category based on organic manure and water regime 
	6.04±2.77
	1993
	42

	Meta-analyses
	4.37-7.18
	-
	43

	Meta-analyses 
	3.90-8.52
	2008
	44


Table S3. Fluxes of emissions from reactive carbon and creature ingestion in China.

	Disturbance
	Amount(TgCyr-1)
	Percentage of NEP (%)
	Method

	Reactive Carbon
	76.52
	5.03%
	Appendix A 

	CH4
	18.59
	1.20%
	Appendix A

	NMVOC
	15.15
	0.99%
	Appendix A

	CO
	38.53
	2.53%
	Appendix A

	Creature ingestion
	4.25
	0.28%
	Appendix A

	Disease
	0.28
	0.02%
	Appendix A

	Pests
	3.41
	0.22%
	Appendix A

	Rodent
	0.56
	0.04%
	Appendix A


Annotation:Lack of data from Hong Kong, Macau and Taiwan Province

Table S4. Anthropogenic interference emission carbon flux

	Disturbance
	Amount(TgCyr-1)
	Percentage of NEP (%)
	Method

	CCU
	742
	49.00%
	Appendix A

	CCUC
	595.75
	39.19%
	Appendix A

	CCUF
	40.37
	2.66%
	Appendix A

	CCUG
	106.30 
	6.99%
	Appendix A


Annotation:Lack of data from Hong Kong, Macau and Taiwan Province

Table S5. Natural disturbance emission carbon flux.

	Disturbance
	Amount(TgCyr-1)
	Percentage of NEP (%)
	Method

	Natural Disturbances
	29
	2.00%
	Appendix A

	FEP
	1.45
	0.10%
	Appendix A

	FEG
	27.94
	1.84%
	Appendix A


Annotation:Lack of data from Hong Kong, Macau and Taiwan Province  
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Fig. 1. Time evolution, fitting curve and 95% confidence interval of each driving factor of NRCB (Lack of data from Hong Kong, Macau and Taiwan Province)
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Fig. 2. The spatial evolution trend of NRCB and driving factors (Lack of data from Hong Kong, Macau and Taiwan Province)

Appendix C: Discussion Supplementary Information

Comparative study of the factors driving the NRCB

To further illustrate the accuracy and reliability of the calculation results, we started with the various factors that affect the NRCB and compared the calculation results in this paper with those of related studies. First, in terms of the carbon consumption caused by the FERCCI, the CH4, non-methane volatile organic compounds (NMVOC), and CO emissions from rice fields, natural wetlands, lakes, and terrestrial plants were estimated. Among them, for the estimation of the CH4 emissions from rice fields (Supplementary Table 2), the 31,33 semi-empirical model simulation results indicate that the CH4 emissions from rice fields in China are 5.39–10.22 TgC yr−1 41,42. Based on the emission coefficient, the CH4 emission from rice fields in China has been estimated to be 5.56–9.50 TgC yr−1 37,45. The CH4 emissions from rice fields in China estimated based on the denitrification-decomposition (DNDC) model are 4.52 TgC yr−1–8.20 TgC yr−1 43,44. The CH4 emissions from rice fields in China estimated using meta-analysis methods are 3.90–8.52 TgC yr−1. We used the conversion rate of the rice field net primary productivity (NPP) to the rice field CH4 to simulate China's rice field CH4 emissions (6.77 TgC yr−1), which is in line with the results of the above studies.
The CH4 emissions from natural wetlands and lakes (including reservoirs and ponds) estimated based on sample surveys and statistical data are 1.48–1.76 TgCH4 yr−1 5. Our estimated CH4 emissions from natural wetlands based on the same method are slightly lower (1.16 TgCH4 yr−1). In addition, CH4 is easily generated in situ in land plants under aerobic conditions. In this study, the aerobic plant CH4 emission model (PLANTCH4) was used to estimate the CH4 emissions of aerobic plants in China (10.66 TgCH4 yr−1), which is slightly lower than the previously reported value of 11.83 TgCH4 yr−1 46. Based on the natural volatile organic compounds (NVOCs) global emission model 47, the annual NMVOC emissions from China’s surface vegetation have been estimated to be 13.23–17.71 TgC yr−1 48,49. We used the same method to estimate the NMVOC emissions from the surface vegetation in China from 2000 to 2018 (15.15 TgC yr−1). This shows that the results of this study are reliable for the estimation of the non-methane volatile organic compound (NMVOC) flux from China's surface vegetation. Based on the average value from global CO research 50, we roughly estimate that China’s CO emissions are 38.53 TgC yr−1. In addition, forests play an important role in the global carbon cycle51, forest diseases and insect pests are an important component affecting the carbon consumption of natural ecosystems. Based on the method of estimating the carbon flux of forest diseases and insect pests 10, the carbon consumption flux caused by forest diseases and insect pests in China's forests and grasslands from 2000 to 2018 was estimated using forest disease and insect pest data from the forestry statistical yearbook. The carbon emissions from the ecosystem caused by diseases, pests, and rodents were 4.2 TgC. This value is slightly lower than the value of 4.29 TgC yr−1 reported by Fu from 1990 to 2009 10.
The agricultural product output data from the Agricultural Statistical Yearbook and using the method as X. Zhu et al. 11, we calculated the carbon consumption flux of China's agricultural product utilization (595.75 TgC yr−1), which is slightly lower than the previously reported value of 630.54 TgC yr−1 11. The main reason for this is that we only calculated the carbon consumption caused by the utilization of 18 types of crops, while Zhu et al. Calculated the carbon consumption caused by the utilization of 22 types of crops 11, but the difference between the obtained results is small. The carbon loss caused by timber harvesting in China's terrestrial ecosystem is increasing at a rate of 4.4 TgC yr−1, and the average annual carbon consumption is 34.25 TgC yr−1 10. In this study, forestry statistical yearbook data and the research method of X. Zhu et al. 11 Were used to estimate the carbon consumption of forest product utilization in China from 2000 to 2018 (40.37 TgC yr−1). Our research results are slightly larger than the previously reported value. With regard to the carbon loss caused by livestock consuming feed products, we calculated hay yield from 2000 to 2018 using remote sensing methods 52 and correlation coefficients 17. According to the related methods 11 of calculating the carbon consumption of grass products, the carbon loss caused by livestock consumption of feed products in China was calculated to be 106.3 TgC yr−1, which is slightly less than the previously reported value of 114 TgC yr−1 11. The main reason for this is that our NPP data were obtained from the National Aeronautics and Space Administration (NASA) MOD17A3H product, with a resolution of 1 km, which does not capture some mountain meadows and affects the accuracy of the data. In addition, the decrease in the grassland area is a direct cause of the decrease in the carbon consumption of grass products.
We calculated China’s forest carbon sinks using the stock volume method 20 and used the biomass consumption method 53 to estimate the carbon consumption caused by forest fires in China (1.45 TgC yr−1), which is slightly lower than the previously reported value of 1.61 TgC yr−1 10. Regarding the carbon loss caused by the transport of sediments by rivers, based on the data from the 2000–2018 Sediment Bulletin, we estimated that the carbon loss caused by the transport of sediments by China’s major rivers was 27.94 TgC yr−1, which is slightly lower than the previously reported value of 29.57 TgC yr−1 54.
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