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The spatial and temporal patterns of carbon sequestration by forestation in

Jiangxi Province

HUANG Lin" , SHAO Quanqin, LIU Jiyuan
Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China

Abstract; Forestation was considered as one of the most effective and ecological approaches for increasing carbon sink , and
then to promoting atmospheric CO, absorption and mitigating climate change. It was also one of the key measures in forestry
engineering and ecological restoration. In this paper, Jiangxi Province was selected as the typical study area of red soil hilly
region — one of the primary plantation areas — in Southern China. The Mountain-River-Lake program since 1980s in
Jiangxi Province is a typical successful program of ecological restoration in red soil hilly region, which increased the forest
coverage of Jiangxi by 28.55% through implementation of greening barren hill, reforestation, and the Grain for Green
Program. This study applied TGTRing and InTEC model simulation, scale transformation from plot to transect and region,
field investigation and sampling, dendrochronology method based on tree-ring information, forest inventory data, and carbon
budget model, to discuss the effects of forest age and human activities on net primary production ( NPP) and carbon
sequestration, and then to analysis the annual variation of plantation NPP and carbon sequestration. We try to depict the
relations among forest age and NPP through the growth curves of main planting tree species, and then the carbon
sequestration of plantation were simulated. The purpose of this paper is to evaluate the carbon effects of forestation, and the
carbon regulation service of ecological restoration. The results showed that; 1) The NPP simulations for main planting tree

species by tree-ring suggested that the NPP value of Masson pine ( P. massoniana) , Slash pine (P. elliottii) and Chinese
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fir ( Cunninghamia lanceolata) rises rapidly with the increased forest age and reaches to the peak value in 10a (1058 g m™
a'), 10a (901.09 gm™a™") and 11a (1305.67 gm™ a™") respectively, and then decreased to stable level in 42a (87.2 g
m~a'), 42a (156.0 gm™>a™") and 40a (33.0 gm™a™'); 2)The NPP trend of plantation from 1980 to 2007 in Jiangxi
Province were decreased rapidly before and then increased slowly, which responded the lower quality of plantation. Although
the forest coverage increased from 26.98% to 60.05% mainly contributed by the enlarged plantation area, the forest volume
per hectare were relatively lower especially for the plantations, because the forest is dominated by secondary natural forest,
and middle- aged even young-aged plantation; 3) The variation of carbon sequestration presented as steady trend in the first
8 years before 1988 (2.19—2.37 gC m™ a™') since the beginning of Mountain-River-Lake Program. It then increased

>a”" at the thirteen years, and followed by relatively lower increasing rate; 4) The influences of

rapidly reach to 8.02 gC m~
precipitation and temperature on plantation NPP were showed unobvious. However, the elevation greatly impacts the
absolute value of NPP, but not the variation trend. In addition, the NPP increased with higher slope; 5) Validated by tree-
ring estimated carbon sequestration value and station observed net ecosystem production ( NEP) value, we found that
modeled NEP shows good consistency than annual net increasing carbon sequestration; 6) The potential carbon sink

thorough tree planting is higher than other planting patterns. Furthermore, closing for reforestation showed unobvious

advantage in carbon sequestration service.

Key Words: Jiangxi Province; plantation; carbon sequestration; TGTRing model ; InTEC model
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Fig.1 Relationships between net primary production ( NPP) and stand age for Masson pine, Chinese fir, Slash pine based on tree ring
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Table 1 The fitted equations between stand age and NPP, carbon sequestration for main planting tree species in Jiangxi Province
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Fig.2 The relationship between carbon sequestration and stand age for Masson pine, Chinese fir, Slash pine
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Fig.3 The variations of ratios between forest floor and understory, forest floor and litterfall for Masson pine

2.3 TIPS N TR AR & FRaT

HRAE InTEC HEABILIAE 2] 1980—2007 4EVTIA N TAHREZAF-1 NPP Six&E ARk, DL EYES -
BB RE, SRR (B 4) TIVEE N T3 9 R 7= 1 AR 4k nl 4y S w4~ B Bt , 1987 4F DL 4k F
FRLE T R B, G AL T M i % TEPE4E N TAREYAEEE NPP 1980 4EFF 45 — 4l R RERY
1, M 405.64 g m2 a AR 1987 4E9316.28 g m 2 a ' SEARAREN /D 11.17 g m™2 a5 S 2RI 0 2 2007
4R 393.63 g m ™ at  SEI AR/ 3.87 g m a, “INVII TR i 2 R A BB EA . F M A T
AR B2 32 55 , 4573 NPP B AR5 B TF, N TR 7 S i &2 ABATH K 1 — B B ) A KO Ui B A
T I A R AR T

TLPGE N T AR IR & BV S5 RAR S AR RUAE 5% , FR8R NPP 542 T B (YL PG A A T MR & LAk n] 43
F3ABBE( 4)  BRERUEARLE H 1980 EFF IR E 1987 4F— BLAL TFRUIRAS 4R 2.19—2.37 Tg C/a;
Bt LTI T AR R AR, N AR K, DA 1988 A FF fi Ui 38 i 28 1992 4 1) 8.02 TeC/a, K- 14471
1.13 TgC/a; S HIHINDE 2 0.14 TeC/a, B # BV LUAE ) f ik & AR AR A0 Ry 32 DRI i 35 BR A A e 34
STEAEY Rk E FUVEAEREAAR (B 4) , T35 PRTE G MW I 2 T B 1 380, (E ARG AR il &
HARE A/

M TR = 3 5 E B LR 23 [0 0 A K 7 (P 5) TP N TR AR P2 1 R B 22 4 A 26 1448 LAY Lk
FRZA Ry T TR R vl o 22 28 LARZ AR N TR E R AR OB L 218 P L TAZ A MK
KEMMES AT, AP RN AR TV 6 48 65 b i 0 BH 0 T 1 X
2.4 BIRUBALLSE L 1Y Sk

REARAE S A 35 (A BB S R AT RIS B MR A i i 5 B, R I Sl b T DA B30 2 A 4l 1T 512
DEHESEATHE SR ), BAT B SRS BE RN AT A5 B, DRt AR RUARSLALL % T AR 35 NPP B 5 W A AR R B0 A 5 1 25
AT LU W AR SE 2055 T SRRV AE NPP (SR BE nYafe fR , AR ABUBEHDUE RE 0% AT O BLALL NPP 284k

http ; //www.ecologica.cn



2112 2 OB 4 354
500 112 - 402
=
_ o =
- on —~ ~
R s 400 8 =F = o
N @]
L £ ‘H’(ED ﬁ &0 éb
Y &) \?é g § [:/ B
§ ) 4 S e o)
,N—E % g @ g 75}
£E 300 4 mE FE E
8 3 =
& +H
e
RERRAA
200 1 1 | | 1 0 0
1980 1985 1990 1995 2000 2005 1980 1985 1990 1995 2000 2005
AEAy Year A4 Year

B4 1980-2007 FIFEE N THETH NPPIAEREEME  LIEANE(SOC) ERETUIIRE
Fig.4 The temporal variations of NPP, carbon sequestration, biomass carbon and soil organic carbon (SOC) sequestration in Jiangxi
Province from 1980 to 2007

NPP/(g Cm2a™!) NBP/(g Cm2a™!)

B <50 025
B 50—100 B 25—50
1 100—200 [ 50—100
1 200—300 1 100—150
ke =re
B 500—600 B 2007250
B 600—700 L1 250300
B 700—800 B 300—350
B 800—900 = PP
I >900

50 100km

0 50  100km
I A—

Bl 5 1980-2007 &FiTFE AN THESFFHEPIHEF 1 (NPP) T E M BF X 47 (NBP) A= H 5 E
Fig.5 The distribution map of plantation NPP and NBP in Jiangxi Province from 1980 to 2007

o, RIEBAE NPP S Pudf inf5 R Rk s, i —F BB RUE 505 BB 6, (LR e R B I sh . 5 —h
B ASDUE S A R AR B B R RS (E T e AR 25 AR K (& 6) o 136 I DX 3B 80 Py %o o A A AR 152
TRk, in 2 A BCE B9 SE PE LA B TP 48 -2 NPP S50k 06 2 5 R BE 19 25 S0, FLBE 10 2% SR fig
I IR AR A (e RGBT TR 2, R 101 HRAE LR A A5 LB HOUKS i () 6b) | BT 4B 5
ARG R M1 2R RPRN 0.587, BEMIIA LS 1011 LAHAS  BAVBLHLE AR A4S A B T 101 bk
TE BB RPFNTIN - B A K% 25 MSE 43914 0.3215 H1 32.75% . #5554 A A0 15 Sl 48 0 45 4 )8 — . Ut
Ab KBTI NBP -5 T X8 U 38 2 L0 A R (36 2) , BT EL IR 1K 7.49%—20.87% .,
2.5 ANTHEBRERSGAERMLR

AT MG, ZRAE R A A8 1 B T 2R B R ST RS2k AR TR S L2 N R, A
FEMR PRI LE SN 4 BhBE AT T AU 3R W R 38 3 M Oy e e MR T -t ) 2 28 2 5 T bkl 5 R

http ; //www.ecologica.cn



7 4 R S LVIVEE AN E MR E TR A A i R 2113

IS
700 ~ 700
& 600 & 600 -
= &
U S~
2 500 - 15)9 500 -
£ E
7400 |- 'S 400
N 3
# 300 - = 300 -
g
& 200 Fou) 200 [ )
® =
. —8— WA = - y=0.586x +274.7
100 (= - MU 100 - R*=0.321
0 1 | | | 0 1 | | |
1990 1995 2000 2005 0 200 400 600 800
44y Year RS S
Observed value/(g C/m?)
E6 WMARERGEEAVRESNSEBELERLILE
Fig.6 The estimated NPP by tree ring compared to simulated NPP
&2 B NBP B 5 T 18 b R Y b B
Table 2 The simulated NBP compared to observed NPP at Qianyanzhou
Ay FEAIBRUE/ (¢C/m?) TR AL/ ( 2C/m? ) A IR ZEE 5/ %
Year Simulated value Observed value Percentage error
2003 341.32 387.45 11.91
2004 390.99 422.22 7.4
2005 540.66 683.28 20.87
(1) AR

SAGEAE AT L3 i A D AV E DR MO A 25 R G0 NPP 38 AT DU o 02 H IR R bR |
FHEK A BT 4R I NPP ) A58 ) 22 475735 SR MR K S8t 1) 2 TR (B 250 S5 A R DL i VT P 4
N TARZAEE NPP 25 b4 78 N AT, 3R 1 TR RN R /K i 5 N TR 25 BB AR B SO B/ E . 45 SR 3
(E7) , 2 FHREKEATF 1520—1750 mm XIF AN T AR NPP Fifi 5 [ K 36 22 TG 3, 25 £k A 1) 524
0.5824 ¢C m™ a™' mm™',NPP {EIFE RN T 512—713 oC m 2 a™' , EHA B E (R = 0.268, FEA%L 323) ; Z4F
SEIREK AR T 1520 mm FiE T 1750 mm 1Y Xk, NPP AR 32 K ARk 9520 . 8% 5 NPP 56 & A
R T 15—18 C U [ X B N AY NPP 550 IR 52 90K i 35 9 T 4H 56 56 &, 2R A 10 1] R 4 - 18.926 oC
m2a'Cc,

(2) HiIE N %

R T BTN ARG E BUS R A MY 22 5 ARS8 400 T R [RIVAR 33 R 55 b DR 28 % N T3 e 38 R
UM, LT AR NPP AR 2% 5 5 (&1 8) ,500—700 m (¥ NPP 4EF- (e, 7 622.15 ¢ C m™> a™' 3K
YL 437.72—867.85 ¢ C m™ a™' ; HKJE: 300—500 m, 41 F 390.77—804.56 ¢ C m™> a™', -3 573.45 ¢ C m™*
a IR T 100 m HuIX B B AR NPP (B HAIK, F3 15245 g C m™ a™' 4 F 96.52—219.34 g C m™ a™',
AR B NPP AR FRAR (a3, B >900 m MR Y NPP 1 sh8 K B 4E T B LAA , HAx iR (1) NPP 7
1980 4 A VA2 2h M5 B #i g K ik s, n] W6 NPP (B RS2 M4 K, xd NPP Akl 35 i s m 5/

RIS NPP BARR 25 (8 8) , 45 R W S 45° LA BEAE Y BE RGN, NPP {H3 K P38 G2k |
B FNBESE A NPP 2{E 98 FEl 43 51 158.78 — 240.87 g m™> a™' [304.58 — 447.55 g m > a”' \376.59 — 515.78
gm” a ' fl1435.78 — 541.58 g m™ a”', LAY NPP (B2 347.81 — 662.04 g m™ a™' s &I NPP (H 347
Je T B 2 S (IR T 5 2218 TR A i B A BE 3k B SR ARAE A B (A1 L 2l 1982 4F  BESE R 1985 4F,

http ; //www.ecologica.cn



2114 JAE = 35 %

1200 ~ ~ 1400
~ N y=-3.918x+784.9
's y=0.582x~ 3352 o R2 =0.015
P R2=0.267 > o £ 1200
g 1000 L b O
O . o
2 <
= & 1000
S 800 | ;
= L 800
o &
600 | N
] =600
by &
ﬁz_ # @oa ~© @
400 400 96 © | | I I J
1450 1550 1650 1750 1850 8 10 12 14 16 18 20
LA TR LA
Average annual precipitation/mm Mean Annual temperature/°C
7 MAREMSEINALHRESRS NPP K0
Fig.7 The impacts of precipitation and temperature on plantation NPP
800 ~
——=@=== <100m = et Aeeees 100—300m
_i ...... W 300—500m e Pooooeo 500—700m
o] e Beeeees 700—900m — 900m
= 600 |
o] 3¢ X X 3 e X
o0 x.x.x.)ex-x-x-x'x::llll
~ ....’
= ..lll
e EBBBBBU
Z 400 AAAAAA
R : 3
ER a '.‘.‘,AA-A"‘
H aak
] 200 -
=
1Y 0000000
i§:_ Scs0000’vo0000000000
0 ! ! ! I !
1980 1985 1990 1995 2000 2005
44 Year
800 800
...... ‘...... 00750 ---..-B.--.-- 507150
--—x—-— p
e B [ TR 150—050  seeees Keveore 250350 AT X
= e Aveeeee 350450 AA-AA ==-B--- CHEEA x**
s 600 I N aaE 600 i —8— Il H x*
g, A aaptOBTEA xS /
= " AA .x_x,x.x.x.x-x-x-xs.l.
& L & *Qx* ..IIIIIIIBBBEBB N
Z 400 Eﬂaﬁ.... BEBBEBBEB 400 »x*
R x* nut®
i x sn®
X -
AAAA i saEaEEEEER
SN . ahAAAhA I gu®
= 200 May adAhAAAA 200 -
;E “,‘.‘,‘.‘.‘-“‘ If....
i pxm
0 | | | | | 0 1 1 | | |
1980 1985 1990 1995 2000 2005 1980 1985 1990 1995 2000 2005
A4y Year 44y Year

B8 ARBKEEMERATXHAIRESRS NPP

Fig.8 The plantation NPP varied along elevation, gradient and different stand sources

AN 1986 4F s IR BRARMEG B B2 IRE BT ER, S3 EIHEE s T H e E

(3) M=

FRMRI B R 7R DR AN R A B PRAE PRI RIS A I S50 AR PR BE R %% B A5 ARMRCAS B S5 0 R AR 1) 22
SRR, ﬁﬁﬁﬁ”{f*iﬂ‘ﬂﬁ?ﬂwﬁ%%ﬁu\ﬂm&%% 452, AR 3 RO 20BN TR 2 A T bR
INE MR, CRERE AR =8, AT U2 R R BEE MG M A IRTR (B 8) , FERE AR WIIY 4a N NPP 1K AR
P T B 2R | 5 27 AR NPP HCE MG T 619.83 ¢ C m™ a™"; KIFIEMAY A T AR NPP 76155 i
¥ 2a W B, Z IS BAS3E N, 55 27 4E10 NPP LU xE Mpi AR in 276.78 ¢ C m™ a™' ; M & L E ARG NPP H

http ; //www.ecologica.cn



7 4 R S LVIVEE AN E MR E TR A A i R 2115

BE ST TR, 45 27 4R/ NPP ILE EF R 152.17 g C m 2 a™', Al DLE e & O i &, AT
MR T , BRI F B KRR WL T L s A T2 L, DRI L s A1, AR B 0/ s B Ak
PR & B AN B #

3 e

3.1 BREBUSEAH T b

AT P RE UG A S M 0 7= AR S AR S S i A SR SR 6, BRI S EO T, i T D A SRS
G | JE I 2R - SRR 2 40 ifk 2R S AR R A A S BRI PR I A3 AR Ak, 530 NBP 45 5 BA7 3 KR /2
P, SCSE T B 2 i S I R TIT IR, KR EE AR S gl e i e R A, F 80 NPP BLRLAE
55 SN R A ], B4 X {ELAF AR 25 52, 75 B G AR A v X A B 43, SE 22 519 NPP-age X RHTATTH. .

VEZIEFE 20 T AR N AR R VA P2, A X B A S RS BRI AR R 2555 AR S T A
FH SCHR S B0 BRI T T MK R B R V5 )2 0 5 B BE AR IS AR T A R B (H R TR B AR R D A0
SR MERTE A

1 % 38 A T b AR D o e 5 R Mk TR TS TARAR 2D | 3 55 3R 1) N TR o35 T R RN T
GPF RV T S REA M A EEARRT oA H 7 2O 3G HURR 0 B2 i Bk, T 396 BRI P2 28 A 114 52 2k
TNt 45 Tl 5 00 DR 25 72 A i 17 1) 22 AR S 380 E i R P A0k b R R 1 B 2 AR A e R R A UGRA  AR RN
FEUOT TR R AR AR A AR R S PR N T A () S A At S ORE s A M A
BERZE S IESEAG T 22 5 (i RIS ) SR A OC, oA, b 2 S EURE (8 SRAE TR BN 5—
100 em AREEPT | ZROFFE R PG I AN S 34 B8 1 SR % A8 2 A I 2 3B 25 1 | 102 4 B R AR P A Aty >F D
2 AT RES R - HERRIN E R 22 . ARS8 R = st ) A A 25 T B 20 A 1 s = st A0 7 =00 1 vk
Jrr R B R B R 22 5 AR F T - ) AR A B e L 3 s A B L s 1], St e v 5 0 5 B AR A R 11
KMy HAEAE

RO i TETASE AR o (g A B R LR IR Y, (EUR R 2802 T PRI B BE ML FR 25 N TR
SRR M TR A B it Qe b K AR TR AR A W] S e BR AR S R S SRR R
B AR ICFEUN I 5 U MR AR AT B K i L T A 25 R G B 55 AL S R 37 X e ) B H AR5
b H 2 e e MR R W B . AR, AT R A ST e | P B 38 X RRob A 25 R i 4 1) S g S HLAILEE
SRR N TARA S R Goiiil D Rl 207 i U ) S ) At
32 HHEe#RaiRm i

V22 25 R e ML B  AR AE AN [) B 23 RORE S48 1 ik [l 91 il PN 2R AR B v 0 2 24 7 1, Bl GLO-PEM 45
YL CASA AT TEM AL CEVSA™ *! &8 (H 25 Xt 884 Rk 2, X BRAMCAS B 2% e /b i
AR SCH ) InTEC AR [T X ZRAR, %5 18 T MRS 5 2R AR T4, i Robicnik 25 BURTHLIN &, H B AL e 3 A2
FHLER ) i HA e, FIRER A InTEC B8, Wang 2512 AEREL T 38 [ ZR AR 1901—2001 4E 55/ 85 1%
B {HAE InTEC FRL F NPP-age 4 ft Ak oS SR FH 1702 2 S I 9 R HASE 0L 19 Tl 01 R 45, AR [) 7 AR
A FRGR A T AR ETUE ZR 850, BEAk , () 2001 47 H MRS 2 A A0k, B 3 KNI e . ABiF 5
TE LR bRl T 00 Sk A S BOMAIAL T3 70 S s A Kl B SRS HE A T RIE SR e, VTP
TR A, 22 AR A 403 50 15 G0 AR AR I v Al S AR bR A 2, B AV R B AR DL A T
PRI R E BUS RO SY . FE RGO b SRS R AR NIEACE A A5 2 28 A EL 2003 4F N TR %
N 1.90 TgC, FETUHME ARSI TR 5 2, i A= A B T T ARS8 [X PN 1984 2004 4 (14 51 35 41 i ik
BEEE R 1.25 F1 74,94 «C hm ™ A BB B 435008 259.12 i 8182.6 tC, A - HE A ALK 29.67 F
63. 73 tC/hm? , bt T334 HLBRAE L3 51 140.02 Fl 7784.26 tC, VL SCIR > A5 3 T-1E YN A T4 X it Ak A 2
ARV B A LARZ K aE MK B 5 R 61420 ¢ hm 2 a7t MEHE AN JE B 51021 + hm? a7, DR MR IE N

http ; //www.ecologica.cn



2116 JAE = 35 %

31425 t hm ™ a' BHIFMROT30 41255 ¢ hm™ ™', 1 m B B R FE0AE LN 67.85 « hm ™, XUBLERAES A5
AR YPEHDAA AR AP 72.061 t hm ™ APy P R0 8493 kg hm™ a™' (F1A Wk ZY°H 4370 kg hm™
a”') S LI A B 1S it (NEE) 25 SR AR— 3,
33 AN THMBREFIRADIG

N TSGR A Y AR 3 i AT ) R | bR as | 52 Y bk G , 35 mpk o U3 1 fa e
SIS, PRI, A T R i A AR AT B AN S s AR AR SRR N 3 A T U AT N TR A,
SR ITA N NI S | P20 e whc AR 1 04 /1 N 2 RS R | AR P T e N R R 1 = oo e = R e e
Tl 2 P LA R I ARS8 R0 [ s S AL i J2 R FH AR A 28 R G G2 i AR R B LR 4% Rl 2 7E
M A 25 A7 3] 5 B A RS Rt R O 2R B S A 1 X, AR R T U SR B 2 i B I 25 i
AR R T e 4 ki B2 2 i /R P (E KA R S e 45 i H A S48 Tt o5 A — 5 2 b, AR R T
GRS 3 P LA R KT 1 TIAR ™ il U AN B bR AR R E R 1 T B T RV A= e 57 il . 8
TR , 25 T8 A B &5 AR TR IR BT SR T SR 820 R A AR A 7 LR AR AR IR B = A B Rk e . WISk
JRBRE T 45 B SO ) 3L, B0 [ Pt P 2 M S A AR R T RS2 K SR R 2R s K AE

FREDR A T TG E BRI AR 1 AR AR R 22 1 B K, AR T i 42 A 20 BER R TS AR AR S
RE2E . PRI ZERG I AR i (] e 38 ok AR b i A R o A N AR i, 2 3R MO A= 25 % e Tl
6 14) — e Shy T B2 14 ) S0, )™ A M T REURIT S M AE BEE LA 98 s 25 R 2 — o Bl B R A B AL ) e
ICHERAR . AR R T SRR/ AR A 0 S Al R A 1 ] SR e HE ORAZ R D8 HE 1t 17 3 1 38 L RE B A
SERUEVE T, A B 145 B A R S AR FARTY o B BT BEAR R A [ DX I R SR B A
it ) A RS BV B AR S BRI SR R, E RTAR MR A2 £/ ARMRBR TRk 122 E 0% 3 3t o]
P B LR MR KR COL B3N ™ . Bedh, BT i IR AR R 38 S B0 e Yo A 45 CO, vk B 3 g - 19U,
IR T i i b B T K T RVRAR T 0/ 1 I A5 MR TRT I 5 R Pk R T I % ) £ 0 %% - A
PR TE 5 Mt 23 2 18] 56 F AR M Bk S A R e Ak A R BHEA b | iR FH S B 1) 7 I, (8 AR A I 11 7
HRRR— AR BAT i a0 TV 2 ) SR R R AR B AR O R T R AL R R A ik
Z¥7 ARPRUIAE B2 Qo 384 5 S0 ) AR oAb A 25 TR 45 ThRE A& K B 2R 0 BRIk, IR SR AR
EISIRE TSR AR M TAEE A,

4 Lt

AR SCHE TR A AR A= K AR X ol R 308 FASE AR | MR i 80 X RSB oM T N TSR 25 AR e 2 A8 A L
L SRR 1) D RAMRAERRE BRI K HOREAR IS 18a JRVSIE , A2 AR FEHIFABK 15a HYBLE A, BRF AL
JERR S AR 3 MR 30042 300 2 1T i ok T v, I 2 A 8 R 2>, R 2 R S AR i M D i =
30a 5 Rl 53 ff R R4 K8/ 52) 1980 4F 28 2007 4F VLPE 4 N AR NPP MG T [ 2 A A T s 2212 1
% 393.63 ¢C m™” a”'  BRE BUEASLAE 1987 4ERITAL T V- RCIR 2, 1M J5 28 A R e, N 2.19 TgC/a iR 3
8.02 TgC/a, WLJi M IF 2% ; 3 ) A5 UM UL 5 W 40 ik 60 1 L 2 B, R 3 ) — S5k et 2 252 0 20 sk 84 v
J5i TR RS (AR (R AR I 3 M 22 5, i IR 1o R R A A8y T A7 et , A5 s A S50 5 808
T e AR AN [R] 23 ] ] HEAT A H AL ;4) A T0k NPP SRk i JELRE 156 BRI, V4R % NPP {814 52 i 4
KX NPP ASfb R S5 5 i /0N NPP A Bt 25 35 B 3 I e 5 5) s MO s He A, N T MR s S ek,
i L 7 M B B Bk v AN LA 3

2% 3L HR ( References)

[ 1] Thuille A, Schulze E D. Carbon dynamics in successional and afforested spruce stands in Thuringia and the Alps. Global Change Biology, 2006, 12
(2): 325-342.
[ 2] Farley K A. Grasslands to Tree Plantations: Forest transition in the Andes of Ecuador. Annals of the Association of American Geographers, 2007,

http ; //www.ecologica.cn



7 39

R S LVIVEE AN E MR E TR A A i R 2117

[3]

[4]

[5]

[17]

[18]

[19]

[20]

97(4) . 755-771.

Fan S, Gloor M, Mahlman J, Pacala S, Sarmiento J, Takahashi T, Tans P. A large terrestrial carbon sink in north America implied by atmospheric
and oceanic carbon dioxide data and models. Science, 1998, 282(5388) : 442-446.

Houghton R A, Hackler J L, Lawrence K T. The U. S. Carbon Budget: Contributions from Land-Use Change. Science, 1999, 285 (5427) .
574-578.

Schimel D S, House J I, Hibbard K A, Bousquet P, Ciais P, Peylin P, Braswell B H, Apps M J, Baker D, Bondeau A, Canadell J, Churkina
G, Cramer W, Denning A S, Field C B, Friedlingstein P, Goodale C, Heimann M, Houghton R A, Melillo J M, Moore B III, Murdiyarso D,
Noble I, Pacala S W, Prentice I C, Raupach M R, Rayner P J, Scholes R J, Steffen W L, Wirth C. Recent patterns and mechanisms of carbon
exchange by terrestrial ecosystems. Nature, 2001, 414(6860) : 169-172.

Fang ] Y, Chen A P, Peng C H, Zhao S Q, Ci L J. Changes in forest biomass carbon storage in China between 1949 and 1998. Science, 2001,
292(5525) ; 2320-2322.

Nilsson S, Schopthauser W. The carbon-sequestration potential of a global afforestation program. Climatic Change, 1995, 30(3) : 267-293.
Richter D D, Markewitz D, Trumbore S E, Wells C G. Rapid accumulation and turnover of soil carbon in a re-establishing forest. Nature, 1999,
400(6739) : 56-58.

Jackson R B, Jobbagy E G, Avissar R, Roy S B, Barrett D J, Cook C W, Farley K A, le Maitre D C, McCarl B A, Murray B C. Trading water for
carbon with biological carbon sequestration. Science, 2005, 310(5756) : 1944-1947.

Vesterdal L, Ritter E, Gundersen P. Change in soil organic carbon following afforestation of former arable land. Forest Ecology and Management,
2002, 169(1/2); 137-147.

Woodbury P B, Heath L S, Smith J E. Effects of land use change on soil carbon cycling in the conterminous United States from 1900 to 2050.
Global Biogeochemical Cycles, 2007, 21(3) : GB3006.

Huang L, Liu J Y, Shao Q Q, Xu X L. Carbon sequestration by forestation across China: Past, present, and future. Renewable and Sustainable
Energy Reviews, 2012, 16(2) : 1291-1299.

XiT, TR, PRE, XIA5E, FERJr. 1990—2000 4FH [ L e A & A5 A AR (L. HhBRE4R, 2004, 59(4) : 483-496.
Paul K I, Polglase P J, Nyakuengama J G, Khanna P K. Change in soil carbon following afforestation. Forest Ecology and Management, 2002, 168
(1/3): 241-257.

Zinn Y L, Resck D V S, da Silva J E. Soil organic carbon as affected by afforestation with Eucalyptus and Pinus in the Cerrado region of Brazil.
Forest Ecology and Management, 2002, 166(1/3) : 285-294.

Garten C T Jr. Soil carbon storage beneath recently established tree plantations in Tennessee and South Carolina, USA. Biomass and Bioenergy,
2002, 23(2): 93-102.

Turner J, Lambert M. Change in organic carbon in forest plantation soils in eastern Australia. Forest Ecology and Management, 2000, 133(3) .
231-247.

Huang M, JiJJ, LiK R, Liu Y F, Yang F T, Tao B. The ecosystem carbon accumulation after conversion of grasslands to pine plantations in
subtropical red soil of South China. Tellus B, 2007, 59(3) : 439-448.

Cao S X. Why large-scale afforestation efforts in China have failed to solve the desertification problem. Environmental Science and Technology,
2008, 42(5): 1826-1831.

Cao M K, Tao B, Li K R, Shao X M, Prience A D. Interannual variation in terrestrial ecosystem carbon fluxes in China from 1981 to 1998. Acta
Botanica Sinica, 2003, 45(5) : 552-560.

Wang S, Chen J M, Ju W M, Feng X, Chen M, Chen P, Yu G. Carbon sinks and sources of China’s forests during 1901-2001. Journal of
Environmental Management, 2007, 85(3) : 524-537.

Shao Q Q, Huang L, Liu J Y, Yang H J, Chen Z Q. Dynamic analysis on carbon accumulation of a plantation in Qianyanzhou based on tree ring
data. Journal of Geographical Sciences, 2009, 19(6) . 691-706.

ThEENE, XSS, IRSEAE, ZRFFAR, XAR. VIV THIUN AN TR A S R SR B E FURFAE. MOl Rl 2007, 43(11) : 1-7.
PEMOLRFE BT BE AR TAVAFFERT. B 2R AR B 2B A ARl ik, 1982.

Chen J M, Chen W J, Liu J, Cihlar J, Gray S. Annual carbon balance of Canada’s forests during 1895-1996. Global Biogeochemical Cycles,
2000, 14(3): 839-849.

WEMIAE, Melillo J M, Kickiighter D, B, McGuire A D. K< CO, Tt 5 B S5 AR Ak v [ i b A 45 R S 4540 5 DI RE (4 il 20 s ). A4
HESAER, 2001, 25(2) ¢ 175-189.

Polglase P J, Paul K I, Khanna P K. Change in Soil Carbon Following Afforestation or Reforestation: Review of Experimental Evidence and

Development of a Conceptual Framework. National Carbon Accounting System Technical Report, No. 20, 2000, Australian Greenhouse Office.

http ; //www.ecologica.cn



2118 JAE = 35 %

RO, KT, AR AR 0 LS. BlaEid i, 2008, 53(3) . 317-326.

KM, TRz, SRDCAE. FIFH CASA BERUAG IR B4 5 — A 72 . RIWZE &5 2A4R, 2001, 25(5) : 603-608.

Xiao X M, Melillo J M, Kicklighter D W, Pan Y, McGuire A D, Helfrich J. Net primary production of terrestrial ecosystems in China and its
equilibrium responses to changes in climate and atmospheric CO, concentration. Acta Phytoecologica Sinica, 1998, 22(2) ; 97-118.

P, ZEvoil, HREEM, B4, h E RIS P DI A R L. 3 AAAR , 2003, 58(3) : 372-380.

S, BEA3E, XIGE, FEEE. 1985—2030 4RV PG 48 R EL ARMA B e it i (9 b2 B3 T AE S5 3R, 2011, 22(1) : 41-46.

R Q P I i 1 £ o X b ) P ke i e B 0 B8 1 5 i —— DA TR B 1) [ D] dbse. SR ERRERE, 2005.

PRSI . VLIS TR T bR A RGeS [D]. dbat. dbstbkoll K2, 2006.

SUBLE, O RO, ELEVE. VLU TR AN N TABRE B 5K i3 5. A%k, 2008, 28(11) : 5322-5330.

Chazdon R L. Beyond deforestation ; restoring forests and ecosystem services on degraded lands. Science, 2008, 320(5882) ; 1458-1460.

Canadell J G, Raupach M R. Managing forests for climate change mitigation. Science, 2008, 320(5882) : 1456-1457.

Leighty W W, Hamburg S P, Caouette J. Effects of management on carbon sequestration in forest biomass in southeast Alaska. Ecosystems, 2006, 9
(7): 1051-1065.

Birdsey R, Pregitzer K, Lucier A. Forest carbon management in the United States. Journal of Environmental Quality, 2006, 35(4) : 1461-1469.
Schulze E D, Valentini R, Sanz M J. The long way from Kyoto to Marrakesh: implications of the Kyoto Protocol negotiations for global ecology.
Global Change Biology, 2002, 8(6) : 505-518.

Agrawal A, Chhatre A, Hardin R. Changing governance of the world's forests. Science, 2008, 320(5882) : 1460- 1462.

http ; //www.ecologica.cn



