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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-earbon 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-earbon 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-earbon 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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3 5732.32 Table 3 Area of original forests of Yunnan Province/hm?
hm’ 421. 81 hm’
o . Young Half-mature Near-mature
Species
° forest forest forest
2020 23% Pinus yunnanensis 77265 44385 22732
R 2005 Pinus kesiya 7200 8640 6563
250 hmZ i 2020 Pinus densata 1440 1920 1768
N Cunninghamia lanceolata 15830 15360 2400
4000 hm 2027
Quercus 79027 28153 23643
2
5732.32 hm~, Birch 4800 1920 2057
Hardwood species 10080 9593 11200
Needle broadly mix 38713 21753 12343
Broadleaf mix 63980 25907 13867
CO,FIX
4 N N 0
4. IPCC 0.5 MgC/Mg .
4
Table 4 The parameters of Biomass module
CAI NI
Wood density _ . . /
. : Branch/Foliage/ Growing . Data source references of CAI
Species ( dry mass) Rotation/ a .
N Root turnover rate season and net productivity of stem
/ (Mg /m’) .
branch foliage root
Pinus yunnanensis 0.483 0.05/0.33/0.1 3—10 60 13 14
Pinus kesiya 0. 454 0.05/0.33/0.1 3—10 60 13 14
Pinus densata 0.413 0.05/0.33/0.1 3—10 60 13 14
Cunninghamia lanceolata 0.307 0.05/0.33/0.1 3—11 25 15 16
Quercus 0.676 0.05/1.00/0.1 3—10 45 17 18
Birch 0.541 0.05/1.00/0.1 4—10 45 19 14
Hardwood species 0.598 0.05/0.33/0.1 3—11 35 20 14
Needle broadly mix 0.405 0.05/0.50/0.1 3—10 45 20 18
Broadleaf mix 0.482 0.05/0.50/0.1 4—11 40 21 22
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World Climate *

3.1
( i 5
1991—2005 R Table 5 Predicted energy consumption structure of Yunnan
. . . Province during 2008—2050/ %
° Year Coal 0il Natural gas Non-C
1991—2005 2008 2010 80.89 8.72 1.10 9.29
2050 5 o 2015 78. 60 9.51 2.07 9.82
2015 2020 78.43 9.48 2.06 10.02
2025 78.39 9.48 2.06 10.07
2030 78.38 9.47 2.06 10.09
° 2035 78.38 9.47 2.06 10.09
2040 78.38 9.47 2.06 10.09
2045 78.38 9.47 2.06 10.09
R 2050 78.38 9.47 2.06 10.09
3.2
o 2008 2050 N GDP,
6 o GDP
o 2008
2035 148.76 Mtoe  129.71 MtC.
6 2008—2050
Table 6 Predicted economic variable and carbon emissions of Yunnan Province during 2008—2050
® @ ®
Year Energy intensity Optimal economic GDP/ Energy consumption Carbon emissions
/( toe/ ) growth rate/% /Mtoe /MtC
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
Droe =1 ; @Muoe =10° ; @MIC =10°
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o 2020
2005 40% 45% 2.7% 7 2008—2050
3% o 7 Table 7 Estimated carbon emissions intensity and declining rate of
o 2008 carbon emissions intensity of Yunnan Province during 2008—2050
10a 1.51%
¥ Carbon emissions intensity Declining rate of carbon
° e /(MIC/ x10% ) emissions intensity /%
2036 1.79% 2015 1.038 1.501
1.66% 2005 2020 0.959 1.615
2020 2025 0.881 1.702
2 . 1.
26. 62% - 2020 030 0807 79
2035 0.738 1.791
2050
2040 0.674 1.802
° 2045 0.615 1.797
2050 0.562 1.778
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