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Abstract: Since the late 1990s, the Chinese government has implemented six major forestry projects to increase forest
carbon sequestration through afforestation, reforestation, and forest restoration. This paper estimatedthe amount of forest
carbon sinks,using forest resource inventory data and forestry engineering data and conversion factors continuous function
method. The amount of carbon sequestration of the last 10 years has been estimated to find out the major forest recovery
plan’s effect of carbon sinks. The results showed that: (1) In the past 10 years, carbon storage and density forest resources
in sample have greatly increased. Carbonsequestration of forest has increased 1.00TgC and average carbon density of forest
has increased 2.13MgC/hm’.(2) There was a significant regional difference in the forest carbon sequestration and carbon

density increases due to thenon—equilibriumof the major forest recovery plan. The increase of the forest carbon sequestration
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and carbon density was occurred mainly in the valley between the Fangdou Mountain and Qiyao Mountain, because the
Natural Forest Protection Project and the Grain for Green Projectcarried out more here. (3) Carbon sinks of pine, cedar,
cypress and mixed coniferous increased as many as 1.36TgC. Carbon sinks of nearly mature forest and middle-aged forest
and young forest increased more.Carbon sinks of middle-aged and young forest increased as many as 0.94TgC. Natural forest
can save more carbon the plantation. (4) In the past 10 years, 97.66% carbon sequestration was caused by the major forest
recovery plan. The average carbon density has increased 7.64MgC/hm” and it was higher than areas not covered by the major
forest recovery plan. Carbon sequestration caused by the Natural Forest Protection Project was the most and it accounted for
85.57% of the total. Carbon sequestration caused by the Grain for Green Project was just 0.05TgC because of the late
implementation time and bad effectiveness. (5) Carbonsequestration caused by the major forest recovery plan was mainly
focus on middle-aged forest and young forest. Middle-aged forest and young forest have great potential to increase carbon
sinks when they evolve into nearly mature forest and mature forest. (6) This study helps people to understand and recognize

the effectiveness of the major forest recovery plan, and provides a scientific basis for developing policy to respond to and

slow down global change.

Key Words: major forest recovery plan; carbonsequestration ; key stand factors ;forest resource inventory; Shizhu
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Fig.2 The flowchart of data analysis in this study
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Table 1 Carbon sequestration, carbon density and their dynamic changes under different regions in the study site
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e . o . WEEhA BRSNS
y . T B " T e POCEES s
41X IR [EA Dynamic of Dynamic of
- Carbon Carbon Carbon Carbon
Partition Area . Rk Area . . Carbon Carbon
3. 2. Sequestration  Density/ 3. 2. Sequestration  Density/ . .
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& ghshm & gh/hm /TeC (MgC/hm?)
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Fig.3 Carbon density in 2002 and 2012, and its dynamic changesduring 2002—-2012 in the study site
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Table 2 Carbon sequestration, carbon density and their dynamic changes under different forest types in the study site

2002a 2012a
e i g e i gl e
Forest Types A;ea/z Sequestration Carbon denszily A:ea/z Sequestration Carbon denszity
(10°hm?) (TeC) /(MgC/hm?) (10°hm?) (TeC) /(MgC/hm?)
#27K Cunninghamialanceolata 4.53 0.05 11.39 8.03 0.18 22.23
LR P.massoniana 76.6 1.16 15.1 85.6 1.57 18.32
HIARZE Cypress 5.67 0.05 8.45 7.7 0.19 25.29
Wiz JKAZ%: Tsuga, Keteleeria, etc. 4.49 0.03 7.56 16 0.24 14.77
1t TR AEHKk Mixed conifer and deciduous 3.78 0.08 22.49 24.4 0.76 31.27
Z= KAk Nonmerchantable woods 22.6 0.79 34.91 12.4 0.22 17.47
&1t Total 118 2.16 18.39 154 3.16 20.48
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Table 3 Carbon sequestration, carbon density and their dynamic changes under different forest age classes in the study site

2002a 2012a 2002—2012a
I o . o WEEhA RS
v . Btk B " it ey POCEES 5
e HR gt Dynamic of Dynamic of
Carbon Carbon Carbon Carbon
Forest age Area . . Area . . Carbon Carbon
3. 2. Sequestration  Density/ 3. 2. Sequestration  Density/ . .
/(10°hm*) JTeC (MgC/hm?) /(10°hm~) JTeC (MgC/hm?) Sequestration Density/
& ghshm & gh/hm /TeC (MgC/hm?)
KM Young forest 40.5 0.58 14.39 71 1.21 17.04 0.63 2.65
EP[AQM 67.7 1.38 20.46 65.5 1.49 22.79 0.11 2.33
Middle-aged forest
e
AR ) 6.91 0.14 20.98 13.6 0.34 25.11 0.2 4.13
Nearly Mature forest
JEHK Mature forest 1.65 0.03 19.7 4.03 0.11 27.79 0.08 8.09
ILA 1 0.02 19.41 0.01 0 17.38 -0.02 -2.03

Over Mature forest
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T AE RS A SR O3 DX g 3 T A [ i AR
MR R] T — R Ak, WL ARG 4 Ry rhl R Ak
WA 4G SRy S AR AR | DT AR (o e 2 82 A 18, g T
R ER F MLk, T 1 ok, AR S [) B2, 4 2002 43R #F
AR 2008 AF FRAREL PR A, B RE 0 N TARAL T
4y RIS B B, e % 3 R R AT, (H R ke Al 1
IR WIL NS

R4 BERTAZFMNERRTUE BFEREHTEL

Table 4 Carbon sequestration, carbon density and their dynamic changes under different forest origin in the study site

2002 2012 2002—2012
] s e = WA RS
: L meR mEE L meR ma  OCRI) o
I A . Al 3 . Dynamic of Dynamic of
. Carbon Carbon Carbon Carbon ’
Origin Area . . Area . . carbon carbon
3 o sequestration density/ 3 o sequestration density/ . .
/(10°hm?”) JTeC (MgC/hm?) /(10°hm~) JTeC (MgC/hm?) sequestration density/
& ghshm & gh/m /TsC (MgC/hm?)
RIRAK Natural forest 103 1.9 19.15 132 2.75 20.84 0.85 1.69
NTHK Artificial forest 15.1 0.26 17.84 21.8 0.4 18.54 0.14 0.7

3 it

5 AIE AT 10 AR CHE R AR AR S T It
S BB K Y 0. 97TgC, o [R] J00 8% AR e 38 i i 1Y

97. 66% ; V- H b 5 i 15 7.64MgC/hm” | IH 5 155 Tk
SRR 5 90 B AR ARG B R, AT A,
H RN TR DX AR MRS 8 1y fil 1 4
FCHEAE BBV AN T 3

x5 HRXEAFHEETH THBREEMREETH
Table 5 Carbon sequestration and carbon density change under major forest recovery plan in the study site
TR FEHEAL 11 4R T /38658 T
Project type The beginning and Area/ Carbon sequestration/ Carbon density/
ending years (10*hm?) (TgC) (MgC/hm?)
EHHAM T AR Grain for Green Project 2002—2006 5.09 0.05 9.81
FRAE K T A2 Forest Chongqing Engineering 2008—2011 1.14 0.01 8.34
£ EALIA B T Rocky desertification control project 2005—2011 0.87 0.01 7.4
FARMARY T2 Natural Forest Protection Project 1998—2011 111.24 0.83 7.45
H AR AP IX FE 5 T2 Nature Reserve Project 2001—2011 8.23 0.07 8.72

3.1 RARMROEP TR ARSI DTk
FKERMARS TR BRI o Fe K, 38 0.83TgC, 9K
SRS AR ML B A 85.57% , KAAMARS T
T St o P o Y ) A ARl TR 38 111 %
10°hm?* , o5 BRI S 1130 52 5t T AR Y 87.89% , %
ATl X, e MR LR R i L X (0 ER
RAEE RO X)) MR iR X e v, AN
TAR BB MBI TR R K (5 61.20% ) , A
W g b AR MO BRI A E R STk (b

84.15%) . ' AWM E T RIS KRR X
RS E KR,

XEAEE 1 SRR 1) R SR ARt i X T AR 2
TR R B A RO A%, HX — i AR bR
B HE VALV, 25 1 T IR ARARR AP TR 52 LBtk 18 o 1)
SRR, # 6 ATE H, 10 4E AR X KRR T
PRS2 A T35 AK 7.70x10°hm? , RIS 0.13TgC, R
SRARARA T AR BRIE LAY 15.85%, PRI XE 37 1 11 il Y5
B2 500 T Rk A A ME 55 DX Y AR MO Rl 2o R |
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HESRR R A S R G B, HEEE A S
PP St A0 N A P A 2 3 SR g R it
AR TE

B MR T SRR R H
REARFCAR 02 HE &Iy A%S 507 00 1k 52 16t DR 52 Tt i
I, oA LA g S 2 i3 IO e K, Bk
Ripim, 10 AF AL X B L F K 2.02%x 10 hm*, fik 3
i 0.51TgC, H RIRMR T FERRIGICAY 62.20% (% 6)

AN RV MRS G ) e B s ik b, b g AR T
T R, 435 R (43.14% F1 41.18% ) F11( 7.84% Fll
7.84%) . BILEMEE R AT AMH CEAMTR
LLFEH X, BRI S5 1) SR AL 18 75 ZEAR K et
(B A BE A AR & SR 25 AV, Sl B
MRIXE B MRAR XS 85 /0 B3 i B AIK, SR, A1 Bl
B LU E MRS (] Y S i) RSk rh 2l S AREH T | AR
ALY 25 [ 3K, RRAe S EE K AR 5Tk

F6 MHXIXAMRPIEBEEREERRRATHSS

Table 6 Carbon sequestrationof natural forest protection project and its distribution in different age groups

. a8y o BRI
TSR gt Carbon TR et Carbon
Project type Age group A:ea/z sequestration/|| Project type Age group Aiea/z sequestration/
0T e R
ATk AT 3.821 0.06 FHILFH M VTR 1.448 0.04
Afforestation Pl bk 2.97 0.05 Forest conservation AR 0.775 0.04
Ik 0.657 0.01 AR EANEZ 48.499 0.06
LR 0.248 0.01 Forest management SRV 48.605 0.09
HilIF AT 10.093 0.21 Sl YN 11.251 0.02
Forest conservation H AR 7.999 0.22 JREAR 2.359 0.01

FRMAE B S BT AT R SRR S it R 4 o 2D
FT At A ER | R AP VR AR 1 e A N R i, 7 5 0
Bl PRSP R B 33 H 2 A0 T rf A ARk iy
B BRI RUVAR T R Z IR E K, &6
RIL 10 AF R DX R SR MR 4 TR v S it AR 37
1.11x10°hm? , Bt £ 0.18TeC, (5 RIR AR T FEHR L
1 21.95% ., T H., o G pRATE R J2 Al 3G 1) 32 42
TTERE 239 50.00% 1 33.33% , 5 bR A i AR
BN BRI RON AN 2 BT I AR, Kok
{/ NINIE [E N
3.2 RHHAMR TR ARV BTk

B HRE MBI 0.05TgC, (51K 5 115 52 3R 185
LR 5.15%, IR T RERFEX 24 1~%
(), S AR L — 2 A E X 2kt o
WX ATy b BT el A3 X, R R A S
AR MR FEAR A5 (R 7). BIHLM TRE
1ET 2002—2006 4, FRAR IS 9% 2 H A 2 L 4
MR E 5 4.65x10°hm?*, IR BFA AR TR P E AL
KARMTE RN 93.15% , 3T LKA (Y 6.85% , X
FE, th A ARBR I 1k 45088.17MgC, & B HHAMK T
T BB G B 1Y 90. 18% , 3T | Bl AR 1) e IF7 i AN o
9.82%, KM, IR B iE Ak T2 7k Ak OF 2 ik &

10. 02MgC/hm*, H: o) v 4)) % Ak SF 3 B % B
9. 70MgC/hm”, 3T | B # AR SF- 25 1k 2% & 14. 33MgC/
hm? . AHER % FIRPFE AR TR, fERE R
o G AREH I | BRR  TE AE A SRATS A R R B b
LW S fnzs[a],

ANFIFRMSE T | IR B0 bR TR rp 5 R A S
BRI H% 22, 35 22881.52MgC, /5 T % & i 14 I 1Y)
45.76% , V-85 % FE N 13.68MgC/hm’ | B kR X F- 3
KR 3.66MgC/hm® i L, H &bk 5 R AL 1) e
g I R R 4 % B 4y ik 65.25% F
32.04% ., BPRZUEL, s pR s A 2 IR FHA AR T
PRI E DT . FIARME R FFA AR TR P
R T SR A a3 o TR S A 15 1 Y
30.92% , F- 4R % B 17.12MgC/hm? | i 25 55 TREX
KA 70.01%  AAAR R Gl Ak o 5 18 #F ik bR T
FE AR A A T AR Y 98.23% , 11 H., Hh I ARk 2
BER LIRS 6.01% , £ Bl A A 27 i AR50 op il Ak 22
DLW g% AL IR HE A AR TR A A AR 8 B K
AIRBSEI 25 [H] LA AR R B TR /N, B
b TR BRI A 23.32%, - 1k 95 AN
4. 83MgC/hm’ , I FE X EIKE 1 172, 258 1F
Bl ARARUS I H &I % R ) LA P i A, HG Al AR AR
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Table 7 Carbon sequestration of Grain to Green project and its distribution under different tree species and age groups

g i IR . ck el I o
Tree species Age groups A;ea/z sequestration/ lree. Age Azea/z sequestration/
(10°hm?) (MeC) species groups (10°hm*) (MgC)
FFRRTRACHK AINETN 4.21 4130.2 FeAM FAINEYIN 5.51 5405.62
Mixed conifer and ~ H#EAK 2.15 2109.3 Hardwood SRV 9.47 9290.6
deciduous BliR %0 N 0.44 431.66 Sl YN 1.38 1353.86
LR 0.38 372.8 PN 1.73 1697.23
Wiz kA2 % AT 4.35 4267.6 )N FAINEYIN 6.51 6386.67
Tsuga, Keteleeria,  H#A#k 0.51 500.34 P. massoniana LRNEZIN 7.28 7142.08
ete. BliR Wi N 0.05 49.05 BliR YN 0.35 343.37
2N NN 0.24 235.45 MIAZE Cypress AINETIN 5.91 5798.04
Cunninghamialanceo- HH#&HK 0.17 166.78 LaFEZN 0.13 127.54
lata BB 0.16 156.97 AT Total 50.93 49965.16
FE XM R B s o IR PP AR TR S0 S AT,

BCTBRAME A 1) 35 10771.57hm* , {HASCf
FHBYEAT — 2 i 800 A4 AR TR BR 1 oA o 38 TR
SRR —F (46.32%) , H DAL MRl 3, X A7E
ARRAR LW 55 1 IR B AR BN AT BE & 45 1 Bk 3
TN, AR XA RS H T8 SR BF e AR i) R bk 22 B
IR 3 MR SR 22 | IR 18 | 2 1R A ik
AR AR AR T B /N BB IR HL, S A
Hh AR HE R O , 35 R IR A I AR Ao A
T RRAE B0 37 M 2% 1 T e T S 48 R A, DA Y 3
PRIARER LN B A B SRS TR 2R, NI, fin o
IRBRIE AR 2235 RS B 5 AL R0 LR B b Ak T2
JRAE, A T A DX IR A A b TR e AR Y

3.3 HAWKE TR AR I BTk

DX LA 52 10 277 AR iR AT 0.10TeC, (4K
ST SE ARG I R 1Y 9.28% , Horf, A SRR IX
BRI 0.07TeC , A EALIRFERRIG I 0.01TeC ,
PRERMR TREBRHEIC 0.01TglC(K 5) .

H AR XA 15 HP A flk 38 T DL S5 AN A AZ |
IKAZ R, 5390 o F A X B Y 1Y) 46.149% 1
46.49% , FLA AR MR AU RR I ITAL S 7.37% (% 8) .
ANFERERTE o ARG K 63111.63MeC, 5/
P X ARGV 87.97% , 3T | AR AR 3G I L 4
ANe R, RO DX PN R BE S A S
MR AL BB R R RRSE IV =S ], BT,

®8 HXAARPREBEIBBEEEARMFMRATHSM

Table 8 Carbon sequestration of nature reserve construction and its distribution under different tree species and age classes

i it I o | i I o
Tree species A;; aroups Aiea/z Sequ;rtr:trilon/ Tree species A;; aroups Af’a/z sequ::tr;)trilon/
COTm) g )
FFRETRACHK AN 0.71 619.23 WikZ IKAZ S FANRZ 0.31 581.62
Mixed conifer and ERIICZ N 2.08 1814.1 Tsuga, Keteleeria, etc. ERVIEIN 29.25 25210.57
deciduous IR 0.49 427.36 Pk 8.18 7134.22
M AINETN 24.46 21333 HELYIN 0.49 427.36
P. massoniana GRIICZTN 13.37 11661 FAMR FAINEYIN 1.36 1186.13
PRV N 0.13 113.38 Hardwood SRV 0.13 113.38
A GRIICZTN 0.68 593.06 e YN 0.05 43.61
Cunninghamialanceo-lata  IEBBK 0.56 488.41 43T Total 82.25 71745.96
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H RO XN 32 21K | WA 5 TH )P0 3l Bk aE X6 ik
BT RE ST I R A BB R R ), [ R TR
Ji: JOL 7K A T A e 14 3 3 L b S R R 7 A A
AFXE B OGP M A B 4 R 7 % v el 5 4 B I
T B AR IR A

AL IR T AR I LA 5 BEAS FTAZ AR R
S A3 VA EE TR R Y 45.33% 1 35.91%,
HA ARAREH 5 18.76% (% 9) . ANEBSE T .4
WA MBI 1K 6223.68MgC, i ¥4 B TR BB Y

96.45% , 3T JLAKRIT b7 LB EL, T EL, P 4 Ak
[k 8.27x10% hm?* , ~F- ¥ ik %5 B2 ) 3 5 Ky 7.53MgC/
hm? | I JSEAAK 0.76x 107 hm? , V- 34165 % 5 it 1

6.01MgC/hm’, A1 AL IEBE T A v 5 b | 4l AR
N RN ST R A LS USSR
RR ) BRI X Ak T 05 R A A VTR R AT W Ll
X7, U HIE-ERE IR 1400m Db X o M 5 X
B, B K e A e g IR LS R A
Kt < /NER M B, SRR I A 145

®9 HRARLAEIERESEESENMMBATHS S

Table 9 Carbon sequestration of rocky desertification control project and its distribution under different tree species and age classes

Ry W el E e R o
Tree species Age groups Area/  equestration/|| T Age Area/ equestration/
(10%hm?) (MeC) species groups (10%hm?) (MeC)
Bt R IR 2SS bR FANEZTN 0.31 227.9 A Hardwood LAk 0.23 28.07
Mixed conifer and SR 0.41 386.69 GRIZIN 0.61 59.91
deciduous 1Tk 0.07 65.32 1Bk 0.12 51.9
AR 0.02 6.4 JREAAR 0.07 45.2
Wiz IKAZ % FAINEZIN 0.08 5.92 A ERVICIN 2.49 2267.67
Tsuga, Keteleeria, etc. LRIIEYIN 0.23 32.63 Cunninghamialanceo-lata R 0.09 35.61
1Tk 0.06 11.01 AR 0.02 13.68
LM FAINEZIN 2.81 2575 FHARZE Cypress FANEZN 0.45 290.1
P. massoniana LRIICZN 0.65 349.83 A1 Total 8.72 6452.8

H R AR AR B I DL AR MR S Ay 32,

hm? , A5 05 5% BE 10 R 8.34MgC/hm?, T B 8VbK

O3 ) 5 FRAR T REBR I AY 41.99% 1 28.71% , HoAb 7%
MRIEAL L 29.30% (35 10) ., ANFEEEGE 1 2k
RHGIL 8922.13MgC, 5 T F2 ik 35 S 5 1 93.95%,
I S 6.05% 1 L, Ak 1.07x10°

0.69x 10° hm” , - £41 i %% Ji£ (1) 184 >4 8.32MgC/hm?,
R FEH Sl AR TE Ak A 3T | BERRH R B R
IRRIEIC T 7, (HR, 5 DRAR MR TR D] S il B ] 352
B BFIEMZ R g AR, T BR A B IA B TR

R0 HREXRFRIERHREEEFEAHMMLATHSH

Table 10 Carbon sequestration of Chongging forest engineering and its distribution under different tree species and age classes

H /88 i Tt

) el il Carbon i el Carbon
Tree species Age groups A;ea/z sequestration/|| Tree species Age groups A;eevz sequestration/

(10°hm*) (MgC) (10°hm~) (MeC)

A FIlieg 3.16 2637 EF IR s AR Ay bk 0.85 711.83

Hardwood LaFEZIN 1.29 1075.8 Mixed conifer and g AR 0.14 113.25

TP 0.17 145.6 deciduous PR 0.18 153.69

K 0.16 129.42 JRBE 0.02 16.18

R EUNEZIN 1.33 1108.2 || Iz kAZSE FULEZIN 0.66 550.05

P. massoniana ENEYIN 1.79 1496.5 Tsuga, Keteleeria, etc. A A AR 0.32 266.94

K 0.15 121.33 PR 0.01 8.09

AR AN 0.01 8.09 FAAZE Cypress EAITLCZ N 1.08 897.87

Cunninghamialanceo-lata LRNEZN 0.05 40.44 LRFIEZN 0.02 16.18
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Gb,— BV PR AR TR 5 H A T 7% B i AR U 3
A RS B P, (A5 A SO PR AR TR B 1 2%
0 SR AR A S o S5 it TR AR/ 3 T A B Ay R bR T
FEBR IS RE 155

4 HiE

2002—2012 4F /9 10 4F [A], # IX 58 30 filk 385 31
1. 00TgC, 4F ¥ 14 K & 3. 88%, ¥ 4 Bk 5 FF 14 fin
2. 13MgC/hm” AEFJIEK R 1.08% , FEIX BRIE I (Bk
Wi R B ) S Y X 2 S U R AR
PRAFRIR B 0 bR TR S 4 22 04 5 S W T e Al
5 DXOR-E R L R AR L X

MRS TR 1, B 15V RE ) A iR A=A A2 A
Kt R, Bitik 1.36TgC, 1M B —%F e 1R i e 44
i 50.00% , e %% £ 38 N fe K R AA AR FAZ A A 35
P Ah L R AN IR A, T EL, o Wi AR R DL iR 2
Rttt 0.94TeC, i BRIE HE B AR 94.00% ,
R A PRI Bk 0.63TeC, (5 63.00% , k% 5
AR I S 8 < U BUAS S, TE B MR Ak 1
K F R 8.09MgC/hm?,

T 10 4F A X AR MK 2 1 S0 S 3 e 4
0. 97TeC, i iZ B B IE I 1) 97.66% , HV-¥65k%
JES A 7.64MgC/hm? , B 5 5 TR 2 1Rl R 8 553
R AR AR B 2 BE S L, Jorh, KRR AP TR ik
B ER 15 0.83TgC, o 1K &2 1130 52 B A 14 V48 i
f) 85.57% , Hoyk J&: iR #F a8 Ak T 72, 387 0.05TeC,
AR A TR S B R B B Y 5. 15% , T H AR 2
TR = A BRI 0.10TeC , (7R 50 52 IR AR 34 I
IR 9.28% , WM ERY, B X H K ARMIK E T
Rt E 2R A AE T A RBY B, 7 T )i
R RO T fb o R v B AR R A
T AT 2 B BRI BRI T

AW FE B B Atk =2 B0 FH AR DX Ok < B AR
RIEEFE, BARTEE A M R i E A PR A Al
TR TR A G0 E , (I A RE 5 R A 5 A% R S
I RRMRAE i sl B AR R AR T A A AR R,
I, AR ) T AR H A R A A DX X AR o7 b 2% 1
A SR ARRAE Y R R IERE Ty R, 35 R h e 5 2 7
WA B AN S 0, i — 20 IE 2T A R IR A A R
R B GE R AT 1 JE AR 25 RN 2598 SR T R Bk
DX FRAMARR 8 VL 118 22 LA Sy, 0 H R FE R AR AR & 31

e B TR MR SR 7, AN 23 DR RO JEE 19
R R R AL, R, B 584 B T4 = A
ATTRE AR I 4 A A2 A i) B AR, Sy A Ok AT
R DX 22 T ) S N A %o A A A B A 4 R
AR AR S A
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