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Impact of Thinning on Carbon Storage for Pinus tabulae formis Stands in Shaanxi Qiaoshan
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Abstract: The effects of thinning on Pinus tabulae formis plantations in Qiaoshan forests were studied by
updating growth and yield tables with empirical data from thinning experiments. First, this study analyzed
the development of stand diameter, height, basal area and volume after thinning with different initial den-
sities. Second, biomass and carbon storage were converted based on empirical ecological models. In addi-
tion, thinning regimes were compared by using the updated growth and yield tables. The development of
diameter, basal area and volume of thinned stands were less than the unthinned stands. However, the
growth rate of thinned stands was higher than the unthinned stands. The results also indicated that
thinning evidently led to lower mortality. The biomass and carbon storage of thinned stands were less than
the unthinned stands at the initial stages, but the mean annual increment of biomass and carbon storage of
thinned stands were higher. The results indicated that both timber production and forest carbon storage
might be improved with well-planned thinning regimes based on growth and yield tables.

Key words: thinning; Pinus tabulae formis; stand level; growth and yield; carbon storage

HT R R AR VR IR O FEERHE R R AR R AR ) A e v R Y

s A H#:2014-10-08 {&E HHEF:2014-11-08
ELWB : E R MR A 25 ML 3550 H (201204502)
EZ A b am A S TR, WSS 1 AR AR PR RS B, E-mail: forestry_tian@qq. com
* BASVEE AR, 5 L RS 07 ] R B UK R X H . E-mail: tianxianglin@nwafu. edu. cn



5 430

EHAR A A5 AL )RR LL b DX A PR TR A T2 ik T 1) 5 1) 185

P2 AR AR AL R E N R 22— AR R
ICAE W 4575 2 E A, 7E 8 e 2 1 i 45
it 55 3 v, BRI B 48 8 TE AR R 22 T B e 55 1 55 B
R EOCHEEAEN .

[ A OG- ARBE AE 7 5 B [T A7 1) 98 2 2 R 20
20 a-M, L AR E A — 8 43 56 T WAl 8 fR TIE R
B Az 7= 1 T B 42 72 MK 43 (9 Bk [ 77 . T. Kaipainen™*
S5 R ) e 30 R AR AR e B o A K R AR R
I AT DU i MO 2B 7= R B [ A7 . D, Read™ %
Xof AR R T 5 5 1) AR 0 4 2 T I e R R R
T3 2 AR R R AR AT DL B R R Y Bk [ A
R. Makipaat" & f1 P. Olssont™ 25 () B 57 3= B 3 2 i
JIES 45 3 MR e, P L 5 ST b 4% 2 AT 5 1) b 43 AR
K, 3R E R4y ¢ [ 47 . Thornley #1 Cannell™ 3 T
1 AL WIS L 0 () YR R ]
P 5] 8 2 X6 R AR AR 25 2R 40 1% i 61 A 77 A B S
Briceno-Elizondo"™™ % i #F 5% & L 7E A T K 46 1% 1
8 25 A 38 A D) £ 7 8 A0 AT L 8 R 1k [ A7
o X SERTGY 2 0 (A it S A A T AH 45
SRR B 161 A 1) 2l 285 5000 BT Shy 2R bR 28 3 T 5
S AL .

Bl Ao N AR AR 25 2R Gk it i 3 25 B i AR ) F
G JUHAE R AR ARG I 2 B8 19 52 Wi BIF 5% 340 LU A5 ik
ZH L P A AR E KR E S A W AT Y
B v A AN (] [A] £ 8 B 0T i A% AR g T TR AR AR
SRR R B S T ARORT AR AR AR B X AR 43
A RGEFR Ay ShAS WL RO &l R R
S bR K S e A B A A T R )
A S WF 5T T8 7 18] A3 08 AR 23 AR R e /Y B
U FRIL R 2 IR AR A S
Rkttt b 2o R S [R) J5 3k 6 v [ 2R Ak
B (0 B A o R AT T AR BT AR SRR AR L A
A 455 3 T ) A0 56 B T R B A D B H R
R FE 26 300 60 0 L 3K A5 H 1 L A0 A 2 R AR M
S BUbR 3 28 8 dek AR v e T Y R 5 A% B

TERRAR LR 288 b BRARBIR AZ S AR 228 20 il
B WA TR 5 BOA LY A 33X A5 5k AR
R ERITHELEMBEENRZ —, mH"
SETE AR 77 i R B AN 22 R AR AR M A T
AE N E B bR, LUAR R AL A & 255 B br #4747
o RS R R 48 7 R ATV R, R Y A
DL HE 7= R 38 2 v IAE B K S B H A T
22 bR LSS A0 DT SR A A5 21 A1 R0 29 A bR O3 e AR 22
BT ENRARSE S DR E AW 2 £
T2 ARG E MR H iy N L 45 G RS f bk R

K BhZs . I FLRE % A %000 I ) 4% 355 07 f) AH 56 B7F 5 A
X k=,

N =S S RO R T N7 =B I K A K N7 N =2
it £ Bl A5 A8 0 5% ma L S AR 43 2B IS0 R ] AR
RN B STl B A B2 R T IEE S AN THRAES RS
iR ER AR, HOHEFE R TRILAGNITE
KHEH AR SR ALK

1 BFERRK

AR (Pinus tabulae formis) 2B PG A5 LLAR X 11
FE R R, RS E A R EEN L, A
ST H A T 0 #4823 33 Sy IR A il A TE R AR O
Az R FRECHE A LA AR [) £ B8 %5 B8 IX 20
BT A 1] A 5 E s
1.1 EEMHSERIRZHE

ARl A= 77 e B AR A TN T AR AR AR 7 2 LR
AR ST L AR ) AR O R 1B H MO AR KT R
& (RIWOER 28D O R e TE B bR g F2 28 A DR 1 i A
b R PR AL TR I AT DA RO T R AR 28 T &
MBI . AR 5% 5 1 B Al bk DX 3 A A= it R 3
I 0 37 5 A IV b A7 2% 15 33 56 X plot 1Al
plot 23 1), F T4 53 58 W6 37 A BE 25 45 T il # bk 43
AR B B i 3l A AR A A B L A [R] 57 M
JoTHE T I AR bRBR [ AE R B0 7R R Al B AT ] £
I BB FIEAL
1.2 AERBZEERXAIE TR E KRG EHE

O B 235 8 2 0] AR 223 v S W bR 0 AR A i) E T
TR . RIS [ LR B 85 B0 T AR 20 AR A 1 52 el o
AT 4R Ak P A Y A O . A5 TR
B A IR T A BT A B AL AT Ll bR XA A I AR
BB e LAAS [F) O B 9 B A s 4 D IXA
[Fi] B 35 A AN ] A0 %o BRI g ol DX 4 A 96 3 B
T ) T AT TR ) AR S AR RS 4 a #1112 a 43
HEAT TN . ASBIF 5 v ) AR X R %o R X G
M plot 3~plot 7(F& 1),

1 KAEXAHE
Table 1 Biological data

e P Rl R RE®EE Ek REEE
K4 M mE ER ke e /O -

Y /cm /m /a hm 2) /% hm 2)

plot 1 6.8 6.9 20 4 738

plot 2 5.9 4.5 20 5 861

plot 3 6.6 4.2 18 3123 24.0 2 280

plot 4 6.7 4.3 18 3 585 23.6 2 750

plot 5 6.2 4.8 18 4 605 32.4 3 130

plot 6 5.3 4.3 18 5120 26.6 3 815

plot 7 6.1 4.7 18 5 315 0 5 315
KU Plots 1—2 Bt Ak B #8 A4E & af B % 2505 Plots 3— 7, #18
A [27]

55



186 VU b2 B 2 41 30 &

2 HFRFE

2.1 MOEKBENITE
AR B 5 TR I AR A 5 R TR g AR
A Kt AR HEAT T 43 BT, TR 58 0T L A Rl AR ok
159 N2 RS S SSE U S B S S5 R 20 o T N e
SR VNP 4T o 7 N < T 1 O N M ©
SRR R GRREOTH D A R FENENITHE,
AT Sy A 5 2 (BREO
P=(N,—N,;,)/(xnXN,) (D
Krf PR BREOT S Mo 4R S A L N, 2
AR B Y B S UK R, N 2 T A R B 09 g 0 B
PRE, n J2 6] B 1O 42
A A R A
Z(O)=(y,— v/ (y,+y.,)X200/n (2)
i ZORRIARTEAFER « B ERK AR,y A
WA, y, 2 A AR & SR AE 0 .
2.2 MOFAEBEYENITE
FH T AR AR AR B 5 D0 2 9 T AR S AR R K i H R
B 2% 7 5 DRI 46 7 1) A i B 5 2 A B 1 X bR B A%
B B R RS L N ORI A . (R R
b A Wy R ARG T 0 O ik R T E R0 Y B R A
BOHE T AR AR A A 2 AR W T HE SR LR AR
SrEAEY R . ASHIESE R F S K ST ) B AL LU Ak
ESRTHE/NE SR /B iU 1| KR e £ N @ N 1 R R
B B AR R SR 8 A, BAR O R S BUE
Z: ULk 28 ],
2.3 KROFABEHRMBEENITHE
L 5 e 238 2 At R 0 Bk i o 2T B AR 2
B2 B B BB BT b — R 50 %0 1E
R AR A 0 B ) e e R (I R
FE P B e 2 et DL b R0 Y A R S . AR AR
W B ] Ry 47 % ~ 59 %1% Bert Ml Danjon"*" [ i
GER IR TG R FH 50 Y0 1 hy e 48 28 B804 3 vk
VU FR I 2 A (Pinus pinaster) ik fiff 1t (9 45 11 I 1%
6%, AHIFIY R FH X B HES R R E R R - R AR
A0 7 P BEAG AN N TARTE AR T Bz VB i AR
TR TR B AU AR DX AA T R JE 45 A B A
2.4 ETWRFRMEMKRARET
] £ 07 28 B A TR il s ok & o T &
FRHR 43 A B D e AR 3R 2 e R 1 2 ot B T AR
#RERERS RN AR IEE AT Ze . T
T3 M i H 58 A 52 R T 1 52 30 08 By Oy ik i
TERMITE . HEARX:
V=(H+3)XGX fo (3)
A,V BEMrERE . H B FHRE.G 2

ABUBTRAR  fo 2 P S e B, MRAEpkvE A £
BRSPS R IR SERRIE RO 0. 42,

TRV F A A 5 ZE i JR AT I A 4 8] £ ik
JEE T S 18] 5 (L TG i 5 A e [ I H b 2 48 R I A1
BRI 5 a Ji B % ) ) A2 3K 58 bk 23 1Y
REFARAAG Y 5 a [H] A AR XA 2 2 )5 ol 14 2
WA R R AT TSR RO R A B R 2 T
— K[

P in/ Pottin = Puvins / Punthin (4

TS P 2 3056 AR50 18] A3 IR Al 35 250 P 22 AR [H]
HRARII R 3R & P 2T ] 145 58 5000 #9423 A
PR P oniin = 72 SRR BB

ROV AR R AR IR LA T A R i b
FEAREC0. 65, 8 i1 AT R 0. DG BIARM ™ i,
{EJR SEBR L Bl AR 345 1 1 3 P 2 A2 Bl 2 49 1
A AL A R . PR AR BF ST AR TSR 22 TR A
H B I i IR AL PR DX I A ST 5 b bt b SR
KAATIE

K P plot 1R IETE8 1L I Moz 4%
plot 2 Hr I ECHE A U5 T 585 IV 2 . AR A3 5 J2 3r
JUR Y BT k2 Y R T AR R
JOHE P LA e 18] A3 I SR T A 06 (B B AT Ll AR X0
S BRALER IV 7 2 i A K ad 2 3R (plot 2) 37 3l 45 1
eI, M5 1 (A2 2 (plot D AHZE T , itk
AWEFEAE ATV [ 5 S8 L R F 46 IV M A7 42 4
A B RAE g kAl . R A ] A S bR 2y
{0 Al FATT AT LA S AR 23 1) 5 B Al 6 3 L OF et
T 9 AR TT 5 HEAT HEBOTAR

3 HREAMN

3.1 EEMSEKRIERE

BT A PRI O 3O BB 4 2 B IR T 1 4
A A8 I AE X AR A B B ] DL B R RO [R]
EREY N B A e LA A A R i nT DA
15 307 AR ik it 12 19 2R K B (B D)

R A K I R 2 P B i i B 100 7 4 1
N1 AT AR S YR G 38 2 AL i BRI S AR 0 1
it i 23 e TR AR BL . B T plot 1 2HUH S
11 I M A5 % . 17 plot 2 2 HCH 55 IV Hb A 4%, £ 57 Hh
JoT e AT SR AR AR AR A S B RGBT BT T
BB A B . AE A AL Ay 2 T MR R TR A O
B it 5 BT o5 1 b A K O HLBE AR IR G 2 gk
ZEIEHN . N 20 a IFEY 41, 3% 1 45. 0% . 3] 80 a Ay
56.5% 1 58.2%,

3.2 MEEKNHKSERKNZIE
P2 = o T S s 0 o s U 4 B i e N



5 430

EHAR A A5 AL )RR LL b DX A PR TR A T2 ik T 1) 5 1) 187

FER LR AR I AR 3 HEAT T IR AR 2 K T
IR A 7= ) R 1 150 AT

M T AT AL ARG O B AR IR« plot 3<C
plot 4<plot 5<plot 6<plot 7 , K [a] 1% #) plot7 H
A ABRE . B 2O LE N EHE
B] f 2 4F , AR 237 Bl A2 A B B T 5 02 el T ) A
PEr, FEERAIN LV BOR GEfr KR A K 73 90 - W
HER RS A Ay REUE 35 2]t A% 2 2 & I R TR )

L9k, FRIEHE XI55 2 04 3 KA &
VR R BE A R AR R B R A T L AR
FH N B AR . D 2 Ch) o AT LU M, 6 T AR &
B A (] R AR A7 B R g AR EAE LI B 12 2
TR 5] bR 73 4 28 2 A1 T R B % TR v 1) R [R] bk
PARR AU R SUiTE /AN NP N o (o N T S I K o e ]
JE ) AR 2 5 BUpk 23 2 R T B

O## O B IETER R

9 ]

<l (a)plot 1
(I{l.\ 70 L
S
= 60 | — Z
< 50t
i ]
A= 40 7
® 30t
§ 20 |
10 }
0 -
20 25 30 35 80

PRI EER/a

90
80
70 |
60 |
50 |
40 |
30 |
20 |
10 }
0

[ (b)plot 2

WA BRAE B/(t e hm™)

200 25 30 35 80
54 /2

Bl EEMRSFAEGRBEENERKTRE

Fig. 1 Carbon storage of arborescent stratum in normal stands
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Fig. 2 The process of stand growth for thinning experimental plots
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Fig.3 Basal area development with stand height

1.2 r Oplot3
- O plot 4
%_1'0 E plot 5
9;50 g ] [ plot 6
7 ’ A plot 7
0.6
B
Ho4
R
0.2
o L=t
18~22
WA ik/a

B4 BEEEAEARSHRE

Fig. 4 The mortality in different periods after thinning
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Fig. 6 Comparison of net productivity on stands of different conserved densities
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Fig. 7 Carbon storage of single tree organs after thinning
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plot3 plot4 plot5 plot6 plot7
HE XA

4 b5tk

E7 Al 1R R N o PSR DR AN SR R
IF 5 24 W1 fIC £ B 0 2 P 2 1901 32 Ml 4 A 8 B A R
2o T O B R ARk A R R AR R
Wt 5 B2 AR L AR R A A 2 B 3 ORI . SR
i 2 (A ARG AT 4 a FUS 8 a A KA X L L 25 R 3R
W08 B 5 B X T bR 20 A B R WD LA 2 BT s
T AR ] AR RS AT 4 a IR BT T 7 e B
S~ 12 4R A B B M . UL E ) o)

A A B 52 i JF AN 27 R AR S 7 B8 4 R
R o T 2 B AR A KR AOCR B R

Hy T TR A 7E S BOMROR B i 1 WA 1 (] A o ke 3
TR B A5 (R G5 AE N AR R s R AR R R, ]
Campbell 45 [y [8] £ 3 56 2 B . R JH e 5 3 ] A
(2 50 %0) S FREEREARMR Y 0 13 4 G A 7= 7 0 55 [ o
WA (Pinus ponderosa) N THAERR 16 a J5 . HK43#]
G 7 TSI T AR AT o SR LL AR DX v 45 1)
AR BE (24 90~ 3200 ISR A3 T R R W R A 77 )
53 2 SR R W L TE N 52 8 B) R R BT 4 s ARG AR 7



190 VU b2 B 2 41 30 &

R2 REHEKAR

Table 2 Thinning regimes

ETHER

E 2T AR X B

R RN M R Mok i BREAE e W en BRI bR
o m ‘ B ey MR g PR ey g
SO e U pwgew T meen b
1 50 2 20-35 3.23 0. 89 1. 85 0. 87 1.47 0.90 2.66
2 50 3 20-30-40 3.58 0.99 1. 88 0. 89 1.63 1 2.88
3 60 2 20-40 3.07 0. 85 1.92 0.91 1. 34 0.82 2.58
4 60 3 20-30-45 3.31 0.91 1.93 0.91 1. 46 0. 90 2.72
5 60 4 20-30-40-50 3.63 1 2.12 1 1. 60 0.98 2.98
6 70 3 20-35-50 3.12 0. 86 2.03 0.96 1.33 0. 82 2.64
7 70 4 20-30-45-55 3.37 0.93 2.08 0.98 1.45 0. 89 2. 80
8 80 3 20-40-60 2.94 0. 81 1.95 0.92 1.22 0.75 2.48
9 80 4 20-35-50-65 3. 14 0. 87 2.09 0.99 1. 31 0. 80 2.66

J7 W6 DR B B A 3 g ot L AHAE RS A 5~
55 12 4 TR O B % B bR A3 10 A= 7 g T A T e Y
255t . Ul B E) AT BObR o A 7 T B REARAU A S — b
S B RONE S AR A3 T ] £ A BT B 0 B A K a2
U TR AR RS A2 7 1 R AR .

F 58 245 5 3R W 90 8 1) £ R W S ot 418 5 b 20k ik
I . X T EROR A Bk i S L E AR
A BT A TSR, L AR O B % B8 1 R B R Bk fih
KT R R B E RS . DAL Spring™ %
AR LA 78 & B0, B A8 AR ( Eucaly ptus Regnans) K
A5 29 60 a, H Ak 2 A BRI B A AT K. i
5 AR R WA AR 5 30 AR AR AN AN T MOR [H]
S RE Y T ) a3 B R R ER R b B ] £l 1y
FE B o YA N AR A Bl it o o A7 LLOBR DX [ £ 5
FH ) AR5 PR B fitt o 9 319 < B AR 25 B el o e, HL
FEA S AR5 v A2 S R Bk i £ 7EAR S0 0 JLAR P il
PR | B R R R A v B ARy . X T AR S IR
SRy 1 B it e B, SR AR BB R OR fROAR IR AR IR
AHx,

T o T OR8] £ 288 O B B AT
il B3 ) 8RR 42 T b Rk [ A7 R H A A5 31 1Y
ESE T R, M FEEEITTZ BRS
BRI R AR G B A 77 W R R 2 P
Hby b B I ) AR AAE S 2208 T VRN (AR TS . AT
FERF G Z AR R R (B 2 TE AR 2R 77 v 6] 1 2% )&
B 7 E B AT A HAE T 2 T A
3 AR TR A2 B FUAS [ 1 H0 A 38, 25 R WA X T8
U= LA M A 7 oy B bR T (R E G 3X 2
BT M B 215K R SR BB A S B 456
A (6] s S0 0 2R AR i T AROR AR B AR /N L 22 55 A
MW sAE s . BT RTR AT E BT 7 A 1
A= T AR AR RO 38 R A Lo ] 4 08 ] A e
ARSI SE W LR B TEAR A R IR BN L E & A

FEOH A5 o 1) A G S DR A 2 R Bk R Y 4R
Ao ORI R 2 8 R RS AS 55 R M 4 s 45 I
2R o A S U A o

3 2o X ] AR A B b A K T A 2R | A gy A
TR B R A LA ATF 90 TSR ) A A L T 1]
XA A K 5 i [ 77 A A B B2 L S BT LB fi
FARE A 7= 278 H AR AR AR 22 D e 2858 ML KI5 30
BV 27T EAGE T B AL AR L T H 5 TR
FH ) FEABAR D 47 ] 3 00 Bk 458 1) 8 5014

S 23k

[1] RICHARDS K R, STOCKES C. A review of forest carbon se-
questration cost studies:a dozen years of research[ J]. Climatic
Change, 2004, 63(1/2):1-48.

[2] KAIPAINEN T, LISKI J, PUSSINEN A, et al. Managing
carbon sinks by changing rotation length in European forests
[J]. Environmental Science & Policy, 2004, 7(3):205-219.

[3] READ D, BEERLING D, CANNELL M, et al. The role of
land carbon sinks in mitigating global climate change[J]. The
Royal Society, 2004, 10(1):1-27.

[4] MAKIPAA R, KARJALAINEN T, PUSSINEN A, et al.
Effects of nitrogen fertilization on carbon accumulation in bore-
al forests: model computations compared with the results of
long-term fertilization experiments[ J]. Chemosphere, 1998,
36(4):1155-1160.

[5] OLSSON P, LINDER S, GIESLAR R, et al. Fertilization of
boreal forest reduces both autotrophic and heterotrophic soil
respiration[ J]. Global Change Biology, 2005, 11(10):1745-
1753.

[6] THORNLEY J H M, CANNELL M G R. Managing forests
for wood yield and carbon storage:a theoretical study[J]. Tree
Physiology, 2000, 20(7) .477-484.

[7] BRICENO-ELIZONDO E, GARCIA-GONZALO J, PELTO-
LA H, etal. Carbon stocks and timber yield in two boreal for-
est ecosystems under current and changing climatic conditions
subjected to varying management regimes[ J]. Environmental

Science & Policy, 2006, 9(3):237-252.



5 430

EHAR A A5 AL )RR LL b DX A PR TR A T2 ik T 1) 5 1)

191

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(171

(18]

(191

[20]

[21]

Uefuk, By, R4, AF. S AL S XM AR AR TR AR
SR A sz )], jt}ij 2012 (23):203-206.

# AR, SRR BT AR B BUAE K R LT, RAAl R
SEAAR L 2001, 29(2) :35-37.

DONG X B. The impacts of cutting intensity on stand volume
growth[J]. Journal of Northeast Forestry University, 2001,
29(2):35-37. (in Chinese)

R —, BERZE. WA N AR R e ()] ZRUR
N K222 4], 2001, 28(4) :417-421.

TN, MRS, HRSCE. HMEBEARNTHRAESREEY
PR ST R AR B AR, 1999, 19(1) :16-19.
AR F s TRSOME, o] e, S, AN TR SR AR 5 B IL 7R AR Ak &)
BRI )], PEALAREBE 4R, 2011, 26(2) :160-166.
DENG L, ZHANG W H, HE J F, et al. Effects of different
cutting intensities on seedling regeneration of Quercus liao-
tungensis[ ] ]. Journal of Northwest Forestry University,
2011, 26(2):160-166. (in Chinese)

BN, DR, EAkB), . AT ST Hb K )RR B D R
N TghARAER B T]. FadbARE R # 4, 2013, 28(1):
141-145.

REA IR, MR, Wl R ) FR SR EAZ R MR T AR
Bt (0], Mok B2 E5E . 1995, 8(4) .408-412.
ZEARW, Ahad i, R, AR I R AR S A R
LT PALAReEBEsA 4R, 2009 (6):69-73.

WAL, TRIAZE, WA, S EE R S RS A TR
RS EAEmT] AR, 2013, 49(10):1-6.
MING A G, ZHANG Z J, CHEN H H, et al. Effects of
thinning on the biomass and carbon storage in Pinus massoni-
ana plantation[ J]. Scientia Silvae Sinicae, 2013, 49(10);1-
6. (in Chinese)

FANG J, WANG G G, etal. Forest biomass of China:an es-
timate based on the biomass-volume relationship[ J]. Ecologi-

cal Applications, 1998, 8(4):1084-1091.

JIER, THRRE, B4R, REFZZERARESREHRE A
e L) ] A A Ak, 2000, 24(5):518-522.,
TR, Wk, B . v B AR AR AR S 3R 4 00 HE Bk

R RS LT]. AR A . 2001, 12(1) 113-16.
WANG X K, FENG Z W, OUYANG Z Y. Vegetation car-
bon storage and density of forest ecosystems in China[ J].
Chines Journal of Applied Ecology, 2001, 12(1).:13-16. (in
Chinese)
XA, ST T AR AE 3 AR 0 A A B
Forprl)]. HEELY, 2004, 24(1):50-54,
ZHAO M, ZHOU G S. Carbon storage of forest vegetation

FLR ) (R

and its relationship with climatic factors[J]. Scientia Geo-
graphica Sinica, 2004(1) :50-54.
WO R W4 AR Y R AN S R AT, ek

(in Chinese)

[22]

[23]

[24]

[25]

[26]
[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

& BB, 2006, 8(4):122-128.
XU X L, CAO M K. An analysis of the applications of re-
mote sensing method to the forest biomass estimation[ ]J].
Geo-Information Science, 2006, 8(4):122-128. (in Chinese)
BETTINGER P, BOSTON K, SIRY J P, etal.
agement and planning[ M]. Academic Press, 2010:290-294.
W E . ARG, BEISET. S IR RN BV AL PRAE B AR K A
K& BAr& BRI Mol B, 2011, 47(6).77-87.
B, AR, R E, S BRI A 4 H bR
MIARMRZE IR TF e (1], PEdbpRE Be 244, 2012, 27(2):
155-162.

RONG J T, LEI X D, ZHANG H R, et al.

Forest man-

Forest manage-
ment planning incorporating value of timber and carbon[]].
Journal of Northwest Forestry University, 2012, 27(2) :155-
162. (in Chinese)

BUONGIORNO J, GILLESS J K. Decision methods for for-
est resource management M. Academic Press, 2003.

e v Al A T LM, 76 %2« B VS48 Aol T, 1987.

P XA, g e, AN N ARG IRk 2R v 20 B 5
(1], PEAEMRz Bz, 1991, 6(2) :44-50.

AR, E A A R g L] db s ARl K AR
1989, 11(4).1-10.

LATHO R, LAINE J. Tree stand biomass and carbon content
in an age sequence of drained pine mires in southern Finland
[J]. Forest Ecology and Management, 1997, 93(1):
169.

LAMLON S H, SAVIDGE R A. A reassessment of carbon

161-

content in wood: variation within and between 41 North A-
merican species[ J]. Biomass and Bioenergy, 2003, 25(4);
381-388.

BERT D, DANJON F. Carbon concentration variations in
the roots, stem and crown of mature Pinus pinaster CAit.)
[J]. Forest Ecology and Management, 2006, 222.279 -295.
BT RE. BRVE A N Il RS R B 2 T Bl A R AE B S e [ %
WFELD]. b mt: h E R B9 A B (A K RO S A4
BHBHF L) . 2013,

%6 T M A M3 . b P E MO R R, 2006
101-102.
CAMPBELL J, ALBERTI G, MARTIN J, etal. Carbon dy-

namics of a ponderosa pine plantation following a thinning
treatment in the northern Sierra Nevada[ ]J]. Forest Ecology
and Management, 2009, 257.:453-463.

SPRING D A, KENNEDY J O S, MAC NALLY R. Optimal
management of a forested catchment providing timber and
carbon sequestration benefits; Climate change effects [ ]].

Global Environmental Change, 2005, 15(3):281-292.



