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Dynamic characteristics of forest carbon storage and carbon density in the
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Abstract; Distribution and dynamics of carbon storage and carbon density were examined in forest vegetation in Hunan
Province of China, based on four forest inventories during 1983—2009 ( 1983—1987, 1990—1995, 2003—2004, and
2009) . Inventory data consisted of biomass expansion factors and carbon concentration of existing forest types in this region.
The results showed that the arboreal forests were carbon sinks with a value of 66.40 X 10° t C from 1987 to 2009. The
highest carbon sink was in broad—leaved forests (48.43x10°t C) , followed by Chinese fir plantations (9.54 x 10°t C) and
pine forests (6.68 X 10°t C). All age—group forests exhibited carbon sinks, except mature forests. The middle—aged forests
had the highest value for carbon sinks. Carbon density increased 5.65 t C/hm” in arboreal forests during the four forest
inventory periods. Carbon density increased by 4.75, 4.09, and 0.83 t C/hm’® in young, middle—aged, and near mature
arboreal forests, respectively, whereas it declined by 6.87 and 13.88 t C/hm” in mature and over—mature arboreal forests,

respectively. Carbon sinks were 41.01 X 10° and 25.39 x 10° t C in natural forests and man—made plantations, respectively.
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Carbon density increased 7.19 and 4.91 t C/hm’ in natural and plantation forests. The total carbon sink was 84.87 x 10°t C
in forest vegetation (including open forests). The arboreal and bamboo forests accounted for 78.24% and 33.31% of total
carbon sinks, respectively. Carbon density increased 6.24 t C/hm’ in forest vegetation. Carbon storage changed in various
types of forest vegetation due to change in forested areas. Our results suggested that carbon sequestration ability is
considerably high in the arboreal forest vegetation in the Hunan Province. In particular, the natural forests contribute

substantially to carbon storage and sequestration in Hunan forests.
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Table 1 The estimation results of forest vegetation carbon storage in some provinces under the two scales

e [ 5 R Bt (PgC, B4R ) AR B fif it (PeC, B4R )
A (X T)
Ares o Carbon storage in national Carbon storage in province
rea scale (PgC, period) scale (PgC, period)
e} 0.037(1999—2003) [0 0.038(1998) ¥
IR 0.199(2004—2008 ) (1) 0.216(2007) [12]
| 0.321(2004—2008) [ 0.210(2010) 13
By 0.190( 1999—2003 ) [10J 0.251(2003) [14]
HANL] 0.289(2004—2008) [ 0.264(2005) [13]
i) 0.085(1995—1998) [0 0.174(1995) [16]
P& EER) 0.677(1999—2003) [0 0.523(2003) ¢
PN 0.748(2004—2008) 4! 0.884(2007) 1"
I 0.038( 1999—2003 ) [ 1¢J 0.047(2003) [1#]
1A 0.014(1999—2003) [ 0.043(2003) 119
S 0.193(2004—2008) [+ 0.238(2004) (2]
117G 0.045(2004—2008) 4! 0.045(2005) %)
TH 0.005 (2004—2008) [ 0.446(2004) [24]
Ak 0.433(2004—2008) 4! 0.439(2006) [
2T 0.570( 1999—2003 ) [ 1¢ 0.803(2003) (¢

i 20 244 B RIRMRGTIR AR T AR R BHAAR (50) TR KT B3 B oMk B0 45 R Ml AR 25 2
PRI S , 99 P A8 AR A TV, FR AR 2 6 24 | AR 3 2003 4R 1 53.67% 3 N E) 2011 4114 57.
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Table 2 The regression equation between biomass and volume with different forests
FeAHAT A (B, B ) —F B (V/m® ) mE 5 3 2

Regression equation between biomass

Arbor forest types

(B,t) and volume (V/m?)

Correlation coefficent

AZARM Chinese fir forest
FAARM Masson Pine forest
W&k Broad—leaved forest
FAARM Cypress Forest

[ SMAMK Slash Pine Plantation
AR Poplar forest

Witz J&FIAZ KAZHR

Tsuga , Taxodium distichum , Keteleeria etc.

WA Eucalypus forest

B=0.3999V+22.5410
B=0.52V
B=1.0357V+8.0591
B=0.6129V+26.1451
B=0.5168V+33.2378
B=0.4754V+30.6034

B=0.4158V+41.3318

B=0.7893V+6.9306

0.97

0.91
0.98
0.97
0.93

0.94

1.00

(3) PrARA Y 505 05 AR BRI A X v, bk 228 BAT MR AT RIS, OO T RURIBR B, LA
TEOFSE R VMR A W it o SR R MR P 2 p b A e i 1% AR SR T 5 v, P PR Lk
VA 22.5 kg - BT ARSI R PARAE R TR AN (2) 5L

Wy = (Ay XNy )/1000 (2)
O, W AT RA R (1) LAy AT AREARRF AR )i (kg/ BR) |, N AT ARBR R,
(4) HEAMRA Y A TR0 - A DCHE AR W B s R BRI D FEARPR S U5 9 U T A L

b SR T AR RS . DIAEBTFE AR A 1) ek S5 B A VB AP 1T AR AR A5 T B 4
PRI AR L ARSI P I 5 T T A WE AR A A SR PRI T 20 W LA e e DX A B
(LA AE Y 19.76 t + > AR RS A HEACMR A Wi TR U (3) 5L
W = A XSy (3)

A, W HEARKA Y & (1) Ay B BEAMAE D (- hm ™) | Sy AHEAMIEE (hm?)
2.2.3  FRARREBRIT B B A

PRARH B Bt B TR AR )2 PR N HEAR ) B 2 RIAE ) 2 et i L . A ST T | RRMRE ol i i o 1
FEMOR TG AL i R BIERTHEAR)Z RO JEBEY) 2 Bf it AR A 1 (1C) W BRARAE W 8 (1)
e IR At (C/g) o AR R B (BT 0 C/hm® ) ZRMRBRA% B (oC) BRAFRARTETARL(S) o IR & 4% 7%
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Table 3 Arithmetical average carbon concentration of existing main forests in Hunan Province

W TZAM SEMM R FAAM (LN AL B WA
L Chinese Masson Pine  Slash Pine Cypress Broad-leaved Poplar Moso bamboo .
Species . . . . Shrub forest
fir forest forest plantation forest forest forest forest
i/ (gC/g) 0.508 0.520 0.515 0.551 0.500 0.494 0.486 0.484
Carbon concentration (0.035) (0.037) (0.044) (0.021) (0.032) (0.016) (0.031) (0.049)
55 B o e 22
3 HBRENH

3.1 IEA TR R A B R S
M 4 ATLIE H, DA 1983—1987 431 2009 4F, 1RG4 T AR AL N T 250.69% 10* hm” , H A Bl i fif i
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FETINT 66.40x10° tC, 35618 (22a)3.02x10° tC/a , AR KR 6.27% . AN[R)TH A W T ARMRAE B R IC A T
2.13x10°—4.21x10° tC/a Z[a] , Fix ] H BIAE 2003—2004 4F, A 2003—2004 4E 5] 2009 4F, M\ 4.21x10° tC/a F
%A 2.23x10° tC/a, BREBEREIN T 5.65 tC/hm’ 5 T 56.44% ,AEIHENN 0.26 tC hm™ a™' . FHIT 22a 3k,
IR 8 T AP B T T e 12 4 v o A e S B — R AR 3, B T AR A IR A 0t R 4R
311 AT RIE Wik fif 1 A% B 1) AR L i 3

W 4 Frw, A\ 1983—1987 45 2009 4F , 45 v A MO 4 Bk i 11 357 2% B0 Ry e 38 I, o) P A4 184 o i e K
(48.43x10° tC) , HAR BAZAM(9.54x10° tC) FIHS A (6.68x10° tC) , HIAMK | EIMAM I pk B4
R R AR 0 A, 20514 0.10x10° tC,0.81x10° tC ,0.48%10° tC ,0.34x10° tC ,0.03x10° tC, FHIIT 22a
K, W R B A TR ARMRAE 34 R BRI, Al AR S K, RSB AZ AR FAARMR, AR A, 2 T AR 4%
it PR A B A B AN TE), DA 1983—1987 4F 3] 2003—2004 4F | 45 77 A MRA # b fith 1 B W 386, Herp A2 K
R FAAHR RE AR A S A3 B T 18.10%10° 1C . 14.10x10° 1C,18.95x10° tC, M 2003—2004 4E 3] 2009
A BRI AR BRI AR R ARAN B TR AR MR i 5 T K R 3, LR AZ R AR WA AR R s B B, 43
WIEE/D T 8.56%x10° tC \7.42%x10° tC, FFE T 38.66% Fl 33.79% .
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Table 4 Carbon stock, carbon density and area of arbor forests in different period in Hunan Province

1983—1987 1990—1995
B i Tl 1 T I i Tt it TR I
Forest tye Area/ Carbon Carbon Area/ Carbon Carbon
{ S rec re.
w (x 10§h 2 storage/ density/ (x lojh 2 storage/ density/
" (x10°(C) (1C/hm?) " (x10°C) (1C/hm?)
FZAMR Chinese fir forest 174.04 12.60 7.24 219.29 18.32 8.35
WAARMK Masson Pine forest 220.61 15.28 6.93 243.20 20.84 8.57
[ K Broad-leaved forest 80.34 19.90 24.78 128.68 24.17 18.79
FAARM Cypress Forest 5.72 0.35 6.12 9.47 0.53 5.61
[ SMAMK Slash Pine Plantation — — — 23.07 0.99 4.27
AR Poplar forest — — — 1.21 0.14 11.57
D
=M Tsuga , Taxodium distichum ,
Keteleeria etc. 1.34 0.19 14.18
A 1T Total 480.70 48.14 10.01 626.26 65.18 10.41
2003—2004 2009
ke - T fifi 1 T p— T it it T 5 2
Forest tye Area/ Carbon Carbon Area/ Carbon Carbon
ores| s e
w ( l(;fh 2y storage/ density/ ( 1(;fh 2 storage/ density/
X X
" (x10°1C) (1C/hm?) " (x10°1C) (1C/hm?)
F2AHK Chinese fir forest 267.06 30.70 11.50 203.04 22.14 10.91
AR Masson Pine forest 232.26 29.38 12.65 177.70 21.96 12.36
& 1 #K Broad—leaved forest 251.37 38.85 15.46 308.36 68.33 22.16
HIAM Cypress Forest 10.93 1.27 11.60 6.73 0.45 6.67
[E| SMFARK Slash Pine Plantation 23.12 2.88 12.47 23.70 0.81 3.41
AR Poplar forest 6.96 0.19 2.69 6.72 0.48 7.07
=K T Taxodium distich
. ﬁﬂi S”tg“’ aodium distiehum, 0.67 0.11 15.88 2.89 0.34 11.88
eteleeria etc.

FERAR Eucalyptus forest 1.34 0.003 0.23 2.25 0.03 1.45
A1 Total 793.70 103.38 13.03 731.39 114.54 15.66

M\ 1983—1987 42| 2009 4F- , AZ AR A ABRAE DY ke 25 B 3 2 80 40 56 b FHF T R, R e ARRR 2248 7, AR
AR 520 M T Re— v — R, B AMAAR LB A2 2R 1990—1995 4E5] 2009 4F, et B R R, [ AMA R
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A BRI AR I BRI A 2 B Ry v, v 8 MR AR 187 (28.91x10° tC) AR FIHE N 1.31x10° +C, Xf
Te AR TTRR A 43.55% ; HUOR AR (19.58x10° 1C) LB (15.21x10° tC) AEHHTIN 73510 0.89
x10° tC F1 0.69x10° tC , X T A MAH e 1T BTk 5351 4 29.49% F 22.91% 5 J MR 1 £ 541K (3.52 % 10°
tC) ARG 0.16X10° 1C, X TR ARMAE BRI TTERAL K 5.30% (& 1), FHAL) | rh il Mors gl i D fig
B REE RN, SRR R (1) &84T ARSI AR gk il it I 2R N 22—, il
AR UTEBR LIRS i BT R A I T 117.95%10* hm® ,60.04x10* hm* ,50.46x10* hm* 21.26x
10* hm® ,0.96x10* hm?; (2) TR AMRA: KA S 45 I LA B B s St 1 I o) — A5, 1983—1987 4F- £ 2009
A BB AR IR AR B B A R T 4,75 .4.09 ,0.83 tC/hm?® M Bz, LK | 3ot bR 55 1 3 )
TBET 6.87 Fl1 13.88 tC/hm?, ixb bR 2 B (0TI bR . R ITIE ARk, bk ik AR AZ 31 T 7™ 5 (19 il
IR MR o B T S SR T AR ) R R MR I (A5 T AR A ik 2% 32 AR T 345 o 7o A A
[T, (EARE R AR, R 2009 44 SO Bl i 2 1 B S 1% (R0 88 5 T i dR ik, SR BIAR IR 31
AT AR Rl J3E 1 AR 3 B e K, RIVBE #5 TR AMRA: KA R 1 — e i (T 1)
3.1.3  AFEHEETAM TR RIRAR) H B B fifs it e B 1 sl 8284k

L2 FTLAE 4 URERMIE A 1, KSR PRAE Wik £ it S RS e 35 3 m 1 41.01x10° C, Hiim A
I B TR A A W R At B B N Y 61.76% , - FI14 T 1.86x10° tC/a, N T ARAE Wb fif & M 1987 4= %] 2004
AELRRRG S NG S, ) 2000 AEHE/0 T 15.02x10° tC, ZEREAN ST I, N M Bl Bk 6 e 384 T 1 25.39x10°
tC, 5T R 4 TR1 I T AR Bl B it o vt I 1 1) 38.24%  AE SRS AIN 1.15%10° tC/a, M 1983—1987 4 F 2009
A RARBRE w3 B ittt o T8 P 4 R S0 7 A RAR B e i £ 14 LE A8 ( 250100 79.129% ,70.73% 51.19% Fil 69.06% )
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— 3 AE 4 ARG A b RARARIE AR & 5 1 2 [R) S 7 AR AR ) e A3 ( 53301 R 66.99% ,61.85% ,46.40% Fil
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43.13%) SRS BT 3) . R H AT SRARAE I R 8 T AR A it 5 A B A, N TRRRR I ) B
IEAEZ AR,

4 ARG AL, TCiB S8 N TR 2 SRR, AT B s it 359 32 22 oh 4l bR P i b | S T BTk (IR
2) . NTAR RIRMAL B AR 5 B 7, 0 BIHRE T 4.91 tC/hm® F1 7.19 +C/hm? (& 3) , K HIBEE A4
IR N TR RIRMRA I D Re s S A AR R B4R 5 . A, N MR B e 2 5 ANORE >4 T ] B SR SR BT
B P Y 53.519% 11 59.01% , 2 WA A 4 RIS AS T3 I A TOMGRIAR 1 AR, B AN TARAG A= 4, 7398 T DL 58 K
BB , K FE BT R 8 T ARSI D) BE P 4 R f

3.2 WM TR PTAR AR AT B R A 1t 1) 21175

MEL 4 T LIE N 1987 4F 23 2009 4F , e PRI RRAFEE T R, 4> T 74.62x 10" hm? | KB B B fif 12 140
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Fig.2 Carbon storage of artificial forests and natural forests in different period
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Fig.3 Carbon density and area of artificial forests and natural forests in different period
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Fig.4 Vegetation carbon storage, density and area of different forests in different period
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Table 5 Arbor forests area and total carbon stock with different periods in China and Hunan Province

bl i i R PR S
Area Period/ 4F rea/ Carbon storage/ Carbon density/ Source
(x10*hm?) (x10°C) (1C/hm?)
4>[H Nation 1984—1988 13169 4885 37.10 (4]

1989—1993 13971 5402 38.70
1999—2003 14279 5862 41.10
2004—2008 15559 6427 41.30

#1¥48 Hunan 1983—1987 480.70 48.14 10.01 R
1990—1995 626.26 65.18 10.41
2003—2004 793.70 103.38 13.03
2009 731.39 114.54 15.66
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