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Abstract: The Grain for Green Project (GGP) , one of the most ambitious ecological projects to be launched in China, was
aimed at converting low—yield slope cropland, barren hills, and wasteland into grassland and woodland. The objective of
this study was to calculate the carbon stock changes and carbon sequestration potential of the GGP in Western Henan under
cutting and no-cutting scenarios, in order to develop a method for further estimation of the carbon sequestration potential of
the national GGP and produce a scientific reference for the ecological system management of the GGP in the long run. The
Western Henan, one of the major districts that implemented the GGP in China, initiated the GGP in 2002. We analyzed
Songxian, which is a major county in terms of implementation of the GGP in Western Henan, as a case to evaluate carbon
storage and the carbon sequestration potential under cutting and no-cutting scenarios. We collected data on each year from
2002 to 2010, such as tree species, the planted area of the project in Songxian, the use of a growth curve suitable for

China’s planting volume, the findings about the soil organic carbon changes after the GGP together with biomass density of
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various species, carbon content, the biomass expansion factor, and the estimated carbon storage and annual carbon
sequestration for the GGP from 2002 to 2050. The results showed that total carbon storage was 0.470 Tg in 2010, when the
project was completed. Total carbon sequestration in the former period is larger than that in the latter period during the
project’s implementation. The annual carbon sequestration of the soil organic-carbon pool was negative and released carbon
from 2002 to 2010, then an increase in the annual carbon sequestration of soil organic-carbon pool was observed, along with
net carbon gains after 2011; the project’s annual carbon sequestration peaked in 2015 under no-cutting and cutting
scenarios. The annual carbon sequestration under the cutting scenario is greater than that under the no-cutting scenario after
2033. The potential increment of the carbon sink of the GGP-covered Songxian will reach 0.760, 1.464, 1.852, and 1.985
Tg by the year 2020, 2030, 2040, and 2050 under the no-cutting scenario; it will reach 0.760, 1.240, 1.657, and 2.000
Tg under the cutting scenario. The potential increment of the carbon sink under the cutting scenario will exceed that of the
no-cutting scenario after 2050. In the long run, the GGP in Western Henan has a greater carbon sequestration potential
under the cutting scenario than that under the no-cutting scenario. Our results suggest that moderate forest harvesting for the

GGP can increase the capacity for carbon sequestration.
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Table 1 Stand volume growth equation of main tree species

W Fh AR LB 34 SCik
Species Growth equation Correlation coefficient Reference
=T
E?E*/A . V = 23.3729377(1 — ¢~ 0102277t ) 3.9134%6 0.998 [15]
Pinus massoniana
4
*/II\. . V = 308.64906( 1 — ¢~012163 ) 421772 0.962 [16]
Cunninghamia lanceolata
o
bk V = 365.5(1 — ¢ 0184839547 0.999 [17]
Populus
W A 0.1341 163
= 6l. e 0.447 11
Broadleaf V= 61.906(1 — e ) (1]
el - 0.014388  0.885853
= . -e ™" g — 18
Mixed broadleaf species V= 135317303(1 — e ) [18]
TH-
4 H‘XT V = 86.721(1 — e O145) 3007 0.519 [11]
Conifer
ErutiR 0.018132¢  0.913334
= . — e USRI — 18
Mixed coniferspecies V = 178.063256(1 — e ) [18]
/.}ﬂmi . . Vo= 113.356202( 1 — ¢~ 0048392 ) 1232645 - [18]
Mixed many tree species
ERat AR S 0.120y 2.119
= 83. -e i 0.525 11
Mixed conifer and broadleaf species V= 83275(1 —e ) [11]
HiR 0.061¢ \ 2.411
_ . _ -0 . 67 1
Mixed softwood species V= 177.320(1 - e ) 0.675 [19]
V RE G AR,
F2 AEWMEAMEE EVEYREF. REEMRKE
Table 2 Wood density, biomass expansion factor, carbon fraction and harvest rotation for different tree species
A 5 BE AP EY R T T it iG]
oyt Species Wood density/ Biomass expansion Carbon fraction( CF)/ Harvest rotation/
(Mg/m™) Factor/ ( BEF) g a
L EHN Pinus massoniana 0.38 1.8 0.54 61
A Cunninghamia lanceolata 0.307 1.92 0.5201 36
AR Cupressaceae 0.478 2.11 0.5034 101
it Populus 0.378 2.16 0.4956 26
WM Paulownia 0.239 3.69 0.4695 26
K52E Quercus 0.676 2.09 0.5004 71
£F R Mixed conifer species 0.405 2 0.5101 —
fifi[{# 3¢ Hardwood species 0.598 2.34 0.4834 71
K2 Softwood species 0.443 2.5 0.4956 26
[& R Mixed broadleaf species 0.482 1.95 0.49 51
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K 40 4F B E BRI T

2 ZR5HH

2.1 R HRASK TR BUIR
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Table 4 Carbon storage during the period of GGP in Songxian of west Henan Province

A3 TEARTEAR AR Bl fit TR A hs8die
Period/ Afforested area/ Forestcarbon storage/ Soil carbon storage/ Total carbon storage/
a hm? (Tg) (Tg) (Tg)
2002—2005 10846.67 0.039 0.237 0.276
2006—2010 2866.67 0.185 0.009 0.194
2002—2010 13713.33 0.224 0.246 0.470
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L1450 50°0 0.41 ,0.44 .0.55.0.71 Tg, FEFFMEEE T ,2002—2026 4 MRA A= 40 50 A [ ik 38 198 1 — #2027
ARG 5 B B BEBRIGICIE S /N TR AL X T 2027 4 J5 — LU Fh ok B RARARES T R 7 R AR, A SO %
BEARARIG BT SA R HE A, 10 2B FAR A AR A T A 33 V78 T AR 1 5 A 7K
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Fig. 2 Carbon sequestration potential under GGP in Songxian of west Henan Province
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Fig. 3 Annual carbon sequestrations under GGP in Songxian of west Henan Province
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