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Estimation of vegetation carbon storage and density of forests at tree layer in Tibet, China.
LIU Shu-qgin, XIA Chao-zong, FENG Wei, ZHANG Ke-bin* , MA Li, LIU Jian-kang ( College of
Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China; Academy of Fo-
restry Investigation and Plaming, Beijing 100013, China).

Abstract; The estimation of vegetation carbon storage and density of forests at tree layer in Tibet
Autonomous Region was calculated based on the eighth forest inventory data using the biomass in-
ventory method, as well as other attributes like tree trunk density and carbon content of different
species. The results showed that the total carbon storage at tree layer in Tibet forest ecosystem was
1.067%10° t and the average carbon density was 72.49 t - hm™. The carbon storage at tree layer of
different stands was in the order of arbor forest > scattered wood > sparse forest > alluvial tree. The
carbon storage of different forest types at tree layer were in the order of shelterbelt > special-purpose
forest > timber forest > firewood forest. The proportion of the first-mentioned two was 88.5%, and
the average carbon density of different forest types at tree layer was 88.09 t - hm™>. The carbon sto-
rage and its distribution area at tree layer in different forest groups were in the same order, followed
by mature forest > over mature forest > near mature forest > middle aged forest > young forest. The
carbon storage in mature forests accounted for 50% of the total carbon storage at tree layer in diffe-
rent forest groups. The carbon storage at tree layer in different forest groups increased first and then
decreased with the increase of stand ages.

Key words: forestry carbon sequestration; carbon storage; carbon density.
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1.1 WX HENL

PUJEC A ¥ DAL TR E PU R EB (26°50'—36°53" N,
78°25'—99°6" E) , i 120.21 71 km? ALK T 5 i
YeB IR IR IX 7 R TR 2 — PR R =
e ) AR D S VAR AE 4000 m DA L Bl
A PEb ) AR R R, U & 2 2 ke A 1k bk K
BE B 0K S 2R b 3 28 R 52 P M SRR S
R SR VU AR AR T 42 2%, 1 AR B 1) P AR
PR HHF S RRGHT | R | e SO FE AT | e T
A A AL,

DX -l DA R b R A A1) A b T AR R K o 4
DRI ER Y 88.5% , HoUK S Aty 2 b (A48 7K 35 |
A M B M A A5 M 5 P RO T K A R A
PR X P R TR 22 3K 17.83%10° hm?*, £
MR 14.72x10° hm?® , R 358 11.9% , 36 57
ABERIE 20.9x10° m* , AR E FLE20.86%10° m’
i E RS LY 13.8% , 8 T FR A — 7. Horp
TR A X FRAROE TR Y 99.2% , ZR AR JFE % 1k
F1] 98.4% , FF AR5 L5 T 2% LA L %) % bR i LA
79.3%"".
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ARSCLAVERR 36 XA /IR ARG I 4 2R 7 A 4K

i CBRAFAESH LAY [ DX S SRR XA RIS
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R AR 5 TR 2 AR i ek B T E AR AR
BB RGP TCIR B ST a5 R i
T ORI T R A ik o) - 1 A
R SRR WK 1.

2 ERE5NH

2.1 AN BRI A2 1 0 fih e VR 2% 8 A B

B VAN ET P Y N A R R S WA R S ]
16 DX 4 XK 17T AR 1.783 x 107 hm? , 25 4K 1 2
1.472x107 hm® , ZE KB 35 K35 11.9% M 45 1 8
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Table 1 Trunk density and biomass ratio and carbon rate
of different forest types

MARIKER

WTHE WTEWR e

Forest type Trunk density HfE Carbon
(t-m™) Trunk rate
biomass ratio (%)
(%)
RS Abies fabri forest 0.43 51.8 49.9
TR Picea asperata forest 0.36 51.8 52.1
BRAZHK Tsuga chinensis forest 0.46 51.8 50.2
TEMHAK Larix gmelinii forest 0.53 51.8 52.1
ARINAMK Pinus armandii forest 0.38 51.8 52.3
ZRAMBK Pinus yunnanensis forest 0.47 51.8 51.1
BT LLIAABK Pinus densata forest 0.41 51.8 50.1
TeAMHK Pinus griffithii forest 0.50 51.8 50.0
FAAMK Cupressus funebris forest 0.46 51.8 50.3
292 MK Taxus chinensis forest 0.50 51.8 50.0
FEARMBK Betula platyphylla forest 0.49 51.8 49.1
AR Ulmus pumila forest 0.50 51.8 50.0
B Quercus forest 0.68 51.8 50.0
HoM B 25 A Hard broad-leaved — 0.60 51.8 483
stand
BB Poplar stand 0.38 51.8 49.6
IR Willow stand 0.50 51.8 50.0
HABAKRISK Soft broad-leaved stand ~ 0.40 51.8 49.6
FFIHR S Coniferous mixed forest 0.40 51.8 50.1
& I 3R 2¢ K Broad-leaved mixed 0.50 51.8 49.0
forest
£ IR 28 AR Coniferous and broad- 0.50 51.8 49.8

leaved mixed forest

F2 EBRARRNERFTRKEHRIEE
Table 2 Carbon storage of tree layer in different vegeta-
tion types in Tibet

MHAUR gy et i PEEeiN
Forestland Vegetation type Carbon storage  Bififi it
ownership (x10°1) Ratio of
total forest
carbon storage
(%)
HE FeAM Arbor forest 1054.70 98.86
State-owned Hibk Woodland 5.38 0.50
B K Scattered tree 6.35 0.59
PYZEH Four-side tree 0.40 0.03
A1 Total 1066.80 100
LN FRARM Arbor forest 0.17 47.47
Collective Hibk Woodland 0.003 1.03
AR Scattered tree 0.005 1.44
PUZEH} Four-side tree 0.18 50.05
A3t Total 0.36 100

FFRTEAZ B B L B T — 2 DL A bR A
JEIAZ WA T3 A1 5 B R A 4 R — 2, o gy
AMIEAZ A R K, o5 A MR T A2 B
T At 1 1Y) 98.9% . AN [R) AR MR B T+ A JZ B il 4 7
R A TR — 2, BEMI T AR IR B e 22,
YOI HAEARNBEAR , U253 i 5 B Bl . ix 28

ST AR AR 9 2 P L DX 0 A 2 R R SR SR A
A, X S AR AR AR sl N, 7 — 2
& _EXT ANATTERARR AR TS S 2 1T 20/ VB, B
AT U ARG 288 A 3L
2.2 UR[RIMRD ERMORE B flk £ 12 e 25 i

H 3 3 AT LA RS T AR 2 A fifh B A Tk
g B YR AR (298.07x10° 1) >I3AZHK (181.73x10°
1) >EAEHR(175.48%10° 1) > LIAARK (98.24%10° t)
>R (82.14x10° t) >R (46.20x10° t) >5[
TRASHR(28.72%10° t) >HIARM(17.94%10° t) £ 0t
TRASHR(13.77x10° t) SHEARK(8.89%10° t) >T-AA Ak
(4.81x10° t) >HEILFAMK (4.30x10° t) > 5 I #A bR
(2.68x10° t) >ERAZMR(2.15%x10° t) >EAZAR(1.31x
10° t) SHH AR (1.37x10° ) SHIRAK (0.77x10° t) >
HABER R (0.68x10° t) > HAAT 2% (0.39%x10° 1)
ST (0.0007x10° t) A fifs & BT o L i DA R iR 52
MBI = AZREK, 73 1R 30.7% 18.7% FiI
18.1%.3X 5 3 AR 1y TR R sk 285 B K/ IV O, AR
A0 385 T 4 A T AR BR ik it B 22 1T DL, X 3
PR 7E 42 IX ZRAMORE 8 Mo 140 2L fE— 2 2
JE b A 1 00 S A AR 5 | RS R A5 X R 2
ARG RE = AR ik 3.

ANTE MR 43 T R 2 1 F 2 6 % E R 92. 82
t - hm ™ HK/IMKIR R R R 0K > £ TR 5SS AR>4E 1L
FAMR> 25 A RS T4 I RA PR S SR 42 MRS R R 3SR > =
TS 5 LA RS TR S BRAZ MRS S R AR S AR DS
AR > JH At A5 ) 24 > ME AR S IR AR > A AR S HAth 4 )
T AR S B AR. L ¥ A2 OB 5% B B K,
227.40 t » hm™. 3% =B F 0 7 18 R A, — T
T ARG @2 EZ M AETEK 3500 m DAL 1Y)
RS, oA K G208 Mt 2 5 5 — 7 T -5 bk
ik MR A T FRR KA DG AR TR BR A3 73 R 2 Al
FEEHEF FTLUE R AR AT TR SR AR LA AR |
P Ea /v N L VA o N 7% 1 NI 1 L 2l o NN 2% N
e LA AR AN TR W M 2 B 340 K1 243t 25 B, R
FEVURGX 10 FIAEDE Y BB BE ) 3008, FE M B R
Getp IR DI RE T, Wl D REAH X 0.

MARFRKF KT, VU8 E IR X AR AMRAE B LA B 4
MFNRF IR FHIE MR £ IR R R WA & 4 KARFD
(BRETEAR) ST B 11 88.5%. AN [RI AR 75 A J2 1k
it 5 KM < B 3P0 > Rk 38 Mk > A bR > 357
BT VU R =, SRR, AR AR K S8
RN BRI A0 0 A [R) MR T3 R J2 57 250 e 2%
188.09 t + hm™ & T H AR MK T B 97 bR Ak
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Table 3 Carbon storage and carbon density of tree layer in different forest types in Tibet
Moy DIEIRZIN Rk bk LT RS Pk
Forest type Shelterbelt Special-purpose forest Timber forest Firewood forest
WeER WemlE BeRAR demE WebkRt  WesE WRGAR e
Carbon Carbon Carbon Carbon Carbon Carbon Carbon Carbon
storage density storage density storage density storage density
(x10°t) (t-hm™) (x10°t) (t-hm™?) (x10°t) (t-hm™2) (x10°t) (t-hm™2)
ALK Abies fabri forest 62.02 237.52 105.72 225.75 13.99 218.94 - -
ZAZHR Picea asperata forest 136.96 96.03 23.04 179.86 15.48 76.50 - -
BRI Tsuga chinensis forest - - 2.15 92.27 - - - -
VEMPAK Larix gmelinii forest 1.80 93.76 0.88 182.63 - - - -
AEINFABK Pinus armandii forest 3.67 192.08 0.63 99.17 - - - -
ZHIABR Pinus yunnanensis forest 54.54 136.99 8.01 128.58 19.59 163.81 - -
G LUFARK Pinus densata forest 76.55 110.19 20.42 123.78 1.27 85.65 - -
TR Pinus griffithii forest 1.44 150.02 2.66 92.33 0.71 49.45 - -
FAAFK Cupressus funebris forest 12.74 24.91 2.14 60.94 3.06 29.49 - -
2K Taxus chinensis forest - - 1.31 122.42 - - - -
HEARM Betula platyphylla forest 1.81 42.65 2.11 64.99 1.06 55.04 - -
Wi AK Ulmus pumila forest 0.0007 0.90 - - - - - -
HEIEMK Quercus forest 35.36 78.49 8.41 83.62 2.43 96.40 - -
HAAE 254K Hard broad-leaved stand 0.33 34.16 - - 0.03 63.20 0.03 74.62
Bk Poplar stand 0.32 7.70 N - 0.03 5.26 ~ ~
M B Willow stand 0.48 30.16 0.04 45.08 - - 0.25 48.44
HABFK AR Soft broad-leaved stand 0.03 6.00 0.65 67.28 - - - -
R Coniferous mixed forest 6.15 85.48 5.92 69.84 1.70 117.85 - -
[# MR 3 HK Broad-leaved mixed forest 191.59 124.44 56.33 126.22 50.15 107.34 - -
£t 1% 28 #Kk Coniferous and broad-leaved — 10.99 99.80 15.65 125.63 2.08 218.71 - -
mixed forest
A1t Total 598.59 83.89 260.88 107.88 111.58 99.05 0.28 61.53

FHIBARFHIAE PR, 33 72 1h 37 ¢ AR b ol /D Bl 2 B2 A5 R
VAR R TR S PR S R LT
2.3 ARISRETTAJZ R AA i K ik 25 B

MR 4 T LA Y, PG SRR MR B LA bR 53 A1
2, 5 A ZRARRE WY 38.7% , HoUk 23 bk A it
PR, 2351 5 26.6% F1 18.3% , Wik AT 15 L] i
D AL 6.3%. WA B A K AFIE R &, PG J60 AR MR A 1
A R BERCRAR S 5 A R TR REAS K 1 & ALK T B
FEANT, VEHH PG A K 1 8RR 5 R AR X AR . A [
LA 2 ettt 55 3 A7 T ARHE Y — B0 AR < A
s 3o bR S I bR > i > Al AR BT A2
i o7 PG RS B S R B 50% , X 5 T
O35 TR B TR /N O 28 85 U0 AN [ bR 23 1 2 e
fiti R, A IR SSARTE SRR | i bk I i bk 1
UMK 35 SRy B R TR B R A A SR R ¥ A2
it e e K, T RPURITRRR 25 32 A fje K AN [ bR 2L A
BT LUE H, Gy MROR G K bR o3 3 A i £ AE
20 ARG T T 17 Fob T L AR RS 43 A B D
Hodi 12 28, i A BRAZ AR L T A S5 FE 4 IR bR
H A 43

MR ZE R AT, AN [ 0 20 7 AR 27 24l 2%

o 86.45 t + hm B R /NHE O < o AR > B
MRS IR S F e MRS Al AR, Forb | i BRI A SR e
WA R BRAREL TS A 2P 2B B B 10 2 4%, 1X 2
B RIF A B R A G, R — B Rl AS [R) AR 2
i PR/ AN TR, R AR B 8 R T4 K, 3 554
PR RARBUA K, I B ACRHIE AR /N | Bt R
B BRI R R FE B 2 Ao A T84k DL L
SIHTRI AN [RI AR HR AR A 3o P R 3t X 2R
PRI A JZ Atk 52 T 5, B SR A T AR
BEOR, kAt L0 22 A, AN TR AR v AR 53 18
A X BB A R/ INIAT — S M.
2.4 AN[FLH DX T A TR fid e FBR A L 1) A
VU FECU R B L BR PRI A ] 98 2 AR AR AR 1
OIS T 1 AT AT 22 P AR o0 A K
RN A B3 SR I TR K D R
FER SR JI p s DRI ] Ll DX REAS A AR A1
LR 22 LA FE i 5 (0 R R T DA s M g . T B 2R
e 1L X A2 PG P 2 RS S T, AR AR 4 L P L X
&, HAE W T B A AR T (1) BRI AC)Z B
fif A g PR T > B AR T > 1R X > e
7> % 7 > TS il DX > BT B X5 Herby AR T R
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Table 4 Carbon storage and carbon density of tree layer in different age groups in Tibet
] UTEZN bk iR YN AR R
Forest type Young stand Middle-age stand Near-mature stand Mature stand Over-mature stand
yp i : : i i
R bR OWeEE WR mikE BEE WR mikE BeE W Bk B W Bk meE
Area Carbon  Carbon Area  Carbon  Carhon Area  Carhon  Carhon Area  Carhon  Carhon Area Carhon  Carbon
(x10*  storage  density (x10*  storage  density (x10*  storage  density (x10*  storage  density (x10*  storage  density
hm?)  (x10°1) (t-hm™2)  hm?)  (xX10°0) (t-hm™2)  hm?)  (x10%0) (t-hm™®)  hm?)  (x10°0) (t+hm™2)  hm?)  (X10°0) (t+hm?)
B Abies fabri forest 048 019  39.63 2.12 170 80.13 6.66  9.42  141.39 30.53 6549 214.53 39.54 10493 265.37
A Picea asperata forest 9.52 078 8.28 1422 598 407 3222 1954 60.64 86.72  100.21  115.55 3298 4897 148.47
BRIZHR Touga chinensis forest - - - - - - - - - - - - 0.48 215 44755
VEMEAAK Larix gmelinii forest - - - 048 015 3096 048  0.69 144.81 048 052 108.71 0.96 131 136.59
SERAHK Pinus armandii forest - - - 0.08 006 77.68 0.08  0.09 113.42 047 026  55.78 1.92 3.89 20252
ZHIFMK Pinus yunnanensis forest 212 1.07 5048 324 238 7340 1595 20.51 12858 2842 4450  156.58 8.27  13.68 165.46
i LLAAH Pinus densata forest 0.8 019 2211 53 281 5255 1772 1526 86.14 48.83 5822 119.23 1466 2174 148.32
TRRAAK Pinus griffithii forest - - - - - - 1992 1526 76.63  23.96 58.28 24298 1240 2174 17535
FAAM Cupressus funebris forest 1671 0.17 0.9 1582 193 1225 1072 2.04  19.03 115 610 5473 10.59 7.68 7255
M Taxus chinensis forest - - - - - - - - - - - - 3.48 3.00 8635
FEAMK Betula platyphylla forest 3.88  0.81  23.03 575 238 4153 336 202 6142 240 67.60  85.00 1.44 1.56  108.29
TR Ulmus pumila forest 0.04 - - 0.02  0.0007 3.60 - - - - - - - - -
BRI Quercus forest .02 102 8.45 11.83 546  46.14 1267 1094  86.32 17.55 2329 13269 3.56 551 154.69
HABBERZEM Hard broad-leaved stand - - - 1.08 041  37.81 - - - - - - - - -
Ak Poplar stand 080  0.02 287 184 014 768 093 006 588 176 049 2819 048 0.66 136.76
B Willow stand 0.60  0.01 2.01 0.48  0.03 5.20 052 028 5398 0.12 006 49.92 0.47 0.39 8295
AR Soft broad-leaved stand - - - 0.48 0.03 5.48 096  0.65 67.56 - - - - - -
BRI AEAK Coniferous mixed forest 192 032 1649 796 409 5136 1.00  1.61  161.00 239 181 75.82 3.84 5.94 15478
IR Broad-leaved mixed forest 432 1.64  38.03 1556 832 5346 11192 11396 101.82  88.51 12862 14531 2500 4553 18214
B 7 3 % bR Coniferous and broad- 3.35 079 23.56 432 231 5486 528 481  9LI5 6.20 10.39  167.66 528 1036 196.26
leaved mixed forest
" STy l VG FHCARARAE B 04 B At £ 5 A e K.
frotmed” ‘-K“"
1, L
jow 1 0 220440 km Y .
< 5“\ (‘\ C—— 3 'LTJ' '@
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BN b ' Y
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YN [ =2 ! . o R . o
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Fig.1 Distribution of carbon storage ( I ) and carbon density

(Il') of tree layer in forest vegetation in Tibet.

T 10 13 S 3R ik At 2 AN 25 2 (19 AH XS /)N Histogram indicated the
relative values of carbon storage and carbon density.
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1115 PG BTy r T 2 0 B A A e, T 5
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NILT ok i -
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B R LR AR, 0% T AR AR R R 1 HK P BE
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A BTN Qe NS TR I Y S AR W RN e =
HEMEH.

2) FRARTT A 2 i i B FE K, B R 1,067 X
107 t, FIFRBEE N 72.49 ¢ - hm ™, SRR TL4s
FHEL , HAHEZ ARV R« PO A X > = F A > U148 >
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