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Predictions of net carbon emissions based on the emissions and forest carbon sinks

in Yunnan Province
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Abstract: This study calculated the energy structure of Yunnan Province by using a Markov chain, estimated carbon
emissions from energy consumption based on an economic growth model and dynamic optimization theory, computed forest
carbon sinks based on the CO, FIX model, and predicted net carbon emissions from 2007 to 2050. Furthermore, we
analyzed the factors which influenced carbon emission reduction and the contribution of forest carbon sinks, and then
investigated a low-carbon economy. The results showed that the curves of carbon emissions from energy consumption and net
carbon emissions were an inverted " U" shape, with a peak value of 129.71 MtC in 2035 and 118. 89 MtC in 2035. The
percentage of coal in the energy structure of Yunnan decreased year by year, while oil, natural gas and non-carbon energy
increased slowly, with the non-carbon energy component increasing the fastest among the three thus allowing the energy
structure of Yunnan to probably reach a steady state in 2042. In addition, according to emissions targets required in China,
an annual decreasing rate of energy intensity of 2. 7% is needed. However, our models show that the predicted energy
intensity of Yunnan does not reach these targets in the short term. This means that it is currently not possible to achieve the
goal of our nation. If the non-carbon energy component in Yunnan's energy structure is improved to 20% in 2050, carbon
emissions can be reduced by 12.3% and this is greater than the amount of carbon sinks in 2050, but lower than its peak.

The construction of carbon sinks and the use of non-carbon energy are very effective ways to reduce carbon emissions. In
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terms of forest carbon sinks, the original forest plays a valuable role now and in the immediate future. But, any new forest
also has a huge potential as a carbon sink, so afforestation should be encouraged while protecting the original. However,
new forests have a growing period, so they cannot reach their full capacity as a carbon sink for many years. Therefore, from
the standpoint of carbon sink accumulation, the original forest sinks are still an important part, and are irreplaceable. But
these trees can only offset a portion of the provinces’ total carbon emissions; what is more important is to radically reduce
greenhouse gas emissions by improving the energy structure of the economy, by increasing the speed of technological
progress being made and developing hydropower and other (in particular renewable) energy sources. It can also be shown
that the per capita net carbon emissions have the same trend along with total carbon emissions, with a peak of 2. 18 tC/
person in 2035. The amount of per capita emissions is 1. 17 tC globally, 1.12 tC in China, and 5. 18 tC in the United
States. However, in 2009 the amount of per capita emissions is 0. 77 tC in Yunnan, below the national level, and is far
lower than that of the United States. By 2020, the amount of per capita net carbon emissions will likely be 1.40 tC in
China, and that of Yunnan, 1.69 tC, which is 0.29 tC more than that for the whole country.

Key Words: carbon emissions; forest carbon sinks; original forest; new forest
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Fig.1 Flow chart used for computing net carbon emissions in Yunnan
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branch, foliage, root
=AM Pinus yunnanensis 0. 483 0.05/0.33/0. 1 3—10 60 [13, 14]
B Pinus kesiya 0.454 0.05/0.33/0. 1 3—10 60 [13, 14]
W LA Pinus densata 0.413 0.05/0.33/0. 1 3—10 60 [13, 14]
A Cunninghamia lanceolata 0.307 0.05/0.33/0.1 3—11 25 [15, 16]
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[ii -3 Broadleaf mix 0.482 0.05/0.50/0.1 4—11 40 [21, 22]

http ; //www. ecologica. cn



4410 A E = 314

LS e i GBI AR T P SR PR K SR IR A World Climate ™ 32l (9 A5 K04
TR NZ M GBI FIE, A SCE B RS iR A RO % BRIy iR ok
W RIITEATIE . HRBECRATIOAS B, M fhizetiedeh SR L 1T RTS8, BRI IE 4
Oy B SEPRs O , 20 P AR AL B LA R AR IR RE R S8, A=W BB IR , AR SCRFTE KR AR R AL A BN S 2L
AR IRBERE , T LA R b B T AR

3 HERSH
3.1 AedR LR
ARSCR T EBEIR G TR Y = B A & E %5 CHAHBEEBANTIEEATNEER

Uy BB EE , SR 1T 1991—2005 4E I RETR &5/, H Table 5  Predicted energy consumption structure of Yunnan
BB SR, 0 S MR POl g _Provine during 20082050/ %

S S . S N 2 7y o i /S :
WAL 2 R R A o g, e T e
FIF 1991—2005 47 K4 U i 2= 7 45 A S B 2008 2010 80. 89 8.72 1.10 9.29

AEF 2050 4FE FEARMREIRZS M N 5 s, krh 2015 78.60 9.51 2.07 9.82
AL 76 RT3 R L2015 4F 2 5 2 T4 e 45 2020 78.43 9.48 2.06 10.02
WA, 25 (B2 # ke T Roe, DCemae > Y 048 200 1007
ARSI LR, kBRI ST ) D T e
M BT & R AR U AR L ATR AR R R A 3 A0 K SR 2040 78,38 9 47 5 06 10.09
AT R T R Ul B ARG B R T o BB, S 2 2045 78.38 9.47 2.06 10.09
T HE R B0/ A A AR s B AR R L F N fIK 2050 78.38 9.47 2.06 10.09
B RER L T, Ak A BE JESF- 1 m HE i R B08/ N
3.2 Bk T

BB 2 A N R KRR 2 BT R SEKF 3R T4 B R Pk A SCh = A 1
AN aE A DA, @ BIRERAT 2008 4F2] 2050 4F BRI el £ 5T KR GDP BRI
e AERHECE S RN E 6 Fin, MR T LA Y BEUR SR FE B MR AIG , sX U B A 7= 547 GDP I 4355 835
ERETR B ARG . T REVRSR BE A RAARG , DA S LAl PR 2R (R R i), 8 B o I 3 4 SR T 45080 M. 2008 4FFF 1R 1%
AR/ (H A B R 19 AR P2 BE AR 1T I BE TR I 2 A HE I 0 S e 2 SR D B FE
2035 ﬁﬂﬁ]ﬁﬂ‘ﬁiﬂ%ﬂ%,%}ﬂléﬁﬁﬁﬂj{l 148.76 Mtoe 11 129.71 MtC,

FT 6 2008—2050 =& AR FEEMHRAMTANLE R

Table 6 Predicted economic variable and carbon emissions of Yunnan Province during 2008—2050
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2010 0.0127 10.90 5119 65.06 56.90
2015 0.0115 8.45 7894 91.06 79.45
2020 0.0104 6.47 11085 115.80 100.98
2025 0.0094 4.70 14282 134.93 117.65
2030 0.0086 3.26 17105 146.07 127.36
2035 0.0078 2.09 19268 148.76 129.71
2040 0.0070 1.20 20695 144.54 126.03
2045 0.0064 0.55 21454 135.65 118.27
2050 0.0058 0.05 21636 123.93 108.05
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