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Abstract: The Grain for Green Program (GGP), an important ecological restoration project in China, has great
carbon sequestration capacity. To estimate the carbon storage of Henan Province’s forests, based on forest in-
ventory data (1998-2003, 2003-2008, and 2008-2013) in Henan Province, as GGP was being implemented,
carbon storage was estimated using the continuous biomass expansion factor (BEF) method. Meanwhile, the
planted area for different tree species under the GGP in Henan Province from 2000-2012 was compiled using
empirical growth equations to estimate the carbon stock in living tree biomass. Results showed that from 1998
to 2013 in Henan Province, increases were found for forest area from 149.77 x10* hm? to 305.36 x10* hm?, vol-
ume 5 258.50 x10* m* to 17 094.56 x10* m®, carbon storage 30.49 Tg to 91.02 Tg, and carbon density 20.36
Mg-hm™ to 29.81 Mg-hm™ Plantation areas, carbon storage, and carbon density greatly increased as the pro-
portion of carbon storage in plantation increased from 29.26% in 1998 to 58.46% in 2013. For the percent of
carbon storage from total forest carbon, GGP accounted for 1.58% in 2003, 15.40% in 2008, and 30.95% in
2013. Thus, plantation played an increasingly important role in forest carbon sequestration and were a major
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contributor to forest carbon sink in Henan Province which was mainly attributed to implementation of the GGP.
[Ch, 3 fig. 5 tab. 32 ref.]
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o A bR B 16.70x10* km?, 2y 5 4 4 S R 1.74% , 28 R 140 C,
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Table 1  Effective planted area for each tree species/forest types under the GGP in Henan Province
LEERUE R 2000-2012 4 A [a) 44 Fft A 45 32 Ak 1 A/h
MAEEL 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

LR 13 160.713 352.9 68 803.6 114 281.5 75 699.1 72 351.2 17 320.2 23 866.5 24 755.8 15 139.8 15 572.4 6 338.0 6 770.9
TR 22074 22397 115403 191682 126969 121353 2905.1 4003.1 41522 25394 26119 1063.1 11357

Al 447.1  453.6 23373 38822 25715 24578 588.4 810.8 841.0 5143 529.0 2153  230.0
FRk A 279 28.4 146.1 242.6 160.7 153.6 36.8 50.7 52.6 32.1  33.061 13.5 144
Jie] TR 30122 3056.1 157474 26156.1 17 325.6 165594 3964.2 54624 5666.0 3465.1 3564.1 1450.6 1549.7
THREL

—— 3856.0 39123 20 159.0 33 483.8 221794 211984 50747 6992.7 72533 44359 4562.6 1857.0 1983.8
T

KR

S— 12853 1304.1 6719.7 111613 7393.1 70662 1691.6 23309 2417.8 1478.6 15209 619.0 661.3
U A

M 17939 18201 93783 155772 103182 98619 23609 32532 33744 2063.6 21226 8639 9229
OEM 10026 10172 52413 87058 5766.6 5511.6 13194 18181 18859 11533 11863 4828 5158

AR 6103 6192 31904 52992 35101 33549 803.1 1106.7 11479 702.0 7221 2939 3140
HoAtr gt
- 566.7 5749 29625 49207 32594 31153 7458 1027.6 10659 6519 6705 2729 2915

Hit 27 970.128 378.4 146 225.8 242 878.5 160 880.7 153 765.5 36 810.1 50 722.7 52 612.6 32 176.1 33 095.5 13 470.0 14 390.0
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Bl(hm?) ;5 Cy Feon j REFHEG S B R By 2750 b ARG ARAY j AR IS @ F bR AR a9 2 i (Mg -hm™)
N LR Wi A K Dy R ok F XU 46 2VRT T Logistic 25 K7 BEULG 1 45 AR T A ) 5 %% 5 bR 11
KA 3) o A BYHEAR TR PR —E MR ETTMA, RZE TR, Hitt, 25 A
(1 F UL SR A B A i 2R RO BT A B . ARBIETE R, (BE MO AR ARI O 1 a
2 HR54
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T A IR HFE AR THE B 2000 AR50 Lok, AR 3 DX 3 AR i AR 22 S Bk . YRl X A9 BH . =]

W .7 B A B 3t DX MR B K, 3 M B 60.01x10°~180.00x10° hm?, - Fp 2R 38 4t X e Ak T R AL /)
Oy AR S AR AR AR /Dy, 3 AR TRTRAE 9.00x10°~18.00x10° hm?(&] 1)
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Table 2 Parameters used to calculate biomass of forest stands and carbon fraction for different dominant tree species

o . y o 2% AW | um ; T
4 Fh XL R R WK R
R 1.145 3 8.547 3 12 098 [7] 05004 ||t 0.895 6 0.0048 22 0.99 [21] 04695
il [ 0.756 4 8.3103 11 098 [7] 04834 ||EZK 05371 119858 29 1.00 [22] 05201
g 06129  46.145 1 11 098 [7] 05034 || {4 05442 161235 35 1.00  [23] 05211
A 0.755 4 50928 82 098 [7] 05207 || %fniE 05894 245151 [24] 05101
R 0.510 1 1.045 1 12 092 [7] 04596 ||FErHiR 0.8362 94157 [24] 04900
LR 0.981 0 00040 10 099 [20] 04956 ||fFidi 07143  16.965 4 [24] 049738

LT a F0b g A [l Fl i 2 R R SO AR W R S8 N OB REAR R s R Dy AR i A KO5 R L5 2 R 4L
®3 AIMEYEEKRATRE
Table 3 Empirical growth equations of plantations biomass
Wl AR AR T Ji e R? MR AR AR T Ji R?
JIERN B=155.72/(1+10.568 1e***) 0.912 L) B=70.76/(1+1.492 0e*54) 0.934
T B=130.20/(1+2.659 4e%%) 0.981 ek B=110.42/(1+4.094 6 0.876
IRV B=87.98/(1+12.236 0e ") 0.977 LGRS B=132.24/(1+5.275 5e %) 0.956
AR YN B=81.67/(1+42.173 5¢%) 0.996 B IR B=158.94/(1+20.804 2¢'™) 0.949
AR B=69.61/(1+2.436 9¢ %) 0.963 B R B=290.96/(1+8.577 4e0%®) 0.993
[IES B=197.09/(1+8.490 7e%*2%) 0.992 fid] 7R B=237.57/(1412.272 1e9™) 0.980
(IS B=160.99/(1+10.313 0e**¥%) 0.990
VL B oA (Mg-hm™), ¢ Ak (a)
I 2 T 2000-2012 4R, GRIE EHEBUXI0 hm’ s
S ML P AR A L AT, I 9.00-18.00 A

TR s PAEERDE. W R

EE R 6.27%, Horp iRk Hb i AR I 40.01~60.00
7 10.40x10° hm?, 3% 11 3% #k 2k 57.21x10° I 60.01~180.00
hm?®, g b X AR B K, e
M R 30.96% , M IR BE Hb 15 AR K
87.99x10° hm?, 32 Il ¥ #k K 234.21 x10°
hm?, &1l & #k K 53.83x10° hm?, % 4,
B b X AR B b 15 AR Ry 87.45%10° hm?, 5iE
¥ Ak K 198.30x10° hm?, & (L & #k K
48.35x10° hm*; 14 4t b X iR Bk M 1 Ak Ky
44.55x10° hm?, 7% 1l & #k B 161.66 x10° ¢ 35 70
hm?, $11F Mk H 20.40x10° hm?; 74 b

140 210 280km

PR BB A Ty 207410 h', SR gy g gtk TR B RE KGR EE
oy 48.35x10° hm?, F 1L 7 4k O 5.71x10° Figure 1  Afforestation area in different regions of Grain for Green Program
hmzO 2000-2012 fﬁﬂr’ﬁ%;ﬁ%ﬁi{;%lﬁ;;@ (GGP) in Henan Province

SE M AT AL A 1079.15%10° hm?, Hoop iR Bk Ak Ry 251.13x10° hm?, SiE 1l AR 699.72x10° hm?, &}
L& Ay 128.30x10° hm?,
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221 PBHEKERE M AEREE SR EL HFE 4 SHBHHEAS, 1998-2013 4E A
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411 305.36x10* hm?, 3401 T 103.89%; FRAREFLH 1998 4 5 258.50x10* m® 41 %] 2013 4£ (1 17 094.56
10° m*, 42 5 Lo 225.10% ; Bk fitt i 1 1998 4F 30.49 Tg 4 5 £ 2013 4E 11 91.02 Tg, 2 & Ll h
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Figure 2 Area of different afforestation types under Grain for Green Program (GGP) in five regions of Henan Province
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Table 4  Area, volume, carbon storage and density of forest stand during

implementing GGP in Henan Province
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BARBIEL, AR AR R g SO0 IR SRR GBI
- N v N, o i e il g
#2003, 2008 1 2013 AFRBHEAREE - 0 525850 3049 0 20.36

YA =1 s 4 3 ' . ' '
ML AR 3 AR AR T AR 22.53% 2003 197.72 44.54 8 404.64 46.28 0.73 23.41
31L.77%H 32.53%; BHHEM TRBAEE S 5008 28336 9002 1293602 69.06 1065 24.41
AR IRAE T 1Y 1.58%, 15.40%F130.95% . 2013 305.36 9934 1709456 91.02  28.17 29.81

i AR T BRI fif f2E 3 SR e, R R

AR FE 2 5 TR MR 5 B2 A 0 00 A ) ZE 8
220 EHEHE RS AREF A REAL RIS RIORR , A5 0 TR T

5 Al 1998-2013 4F, KARMAD A AR T AR

BB TR R A AN R AR, e

BN TARIE I B3, A AR Al 1998 4E 1Y 53.85x10% hm? 3 i 3 2013 4E /Y 173.89x10* hm?, #4hn 1
222.92% . TE I (A1) R 44 1R B AR ARk AR 1 AR 107.92x10% hm?, % AR T AR 938 ke 2 2E/E . A
MRE RSN T 533.47%, WRAEEIGINT 496.52%, N T KBRSt 1998 4E ) 16.56 Mg-hm™ 34115 2013
A1 30.60 Mg-hm™, HEWEASK . B B ] HERS . N ARTE T R 48 AR MR I rPol 25 % 15 1 O R 8 3 119
VERT o N AR 5 A2 BB Aids o 4 L5 il 1998 4F 1Y 29.26%4% 5 1) 2013 4F 1Y 58.46% ., N T ARAE T B4 7%
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Table 5 Area, volume, carbon storage and density under different forest origins from 1998 to 2013 in Henan Province

P M mBUx FBUXI0' ffE W 11/% e i/ i M mRXx BFRUXI0Y Bifif W 11/% T i/
il 10* hm? m’ H/Tg (Mg-hm™) bt 10* hm? m’ /Tg (Mg-hm)
1998 KM 9592 360632 21.57 70.74 22.49 2008 KA 11872 5456.00 31.27 4521 26.34
NT M 53.85 165218 892 29.26 16.56 ANTH 160.70 7 480.12 37.89 54.79 23.56
2003 KK 107.25 436727 2629 56.81 24.51 2013 KM 13147 662880 37.81 41.54 28.76
NTH 9047 403737 19.99 43.19 22.10 NI A 173.89 10 465.76 53.21 58.46 30.60
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Figure 3 Carbon accumulation rate of the forests in different periods in Henan Province
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