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Abstract

Aims Forests represent the most important component of the terrestrial biological carbon pool and play an im-
portant role in the global carbon cycle. The regional scale estimation of carbon budgets of forest ecosystems,
however, have high uncertainties because of the different data sources, estimation methods and so on. Our objec-
tive was to accurately estimate the carbon storage, density and sequestration rate in forest vegetation in Jilin
Province of China, in order to understand the role of the carbon sink and to better manage forest ecosystems.
Methods Vegetation survey data were used to determine forest distribution, size of area and vegetation types
regionally. In our study, 561 plots were investigated to build volume-biomass models; 288 plots of shrubs and
herbs were harvested to calculate the biomass of understory vegetation, and samples of trees, shrubs and herbs
were collected to analyze carbon content. Carbon storage, density and sequestration rate were estimated by two
forest inventory data (2009 and 2014), combined with volume-biomass models, the average biomass of understory
vegetation and carbon content of vegetation. Finally, the distribution patterns of carbon pools were presented us-
ing ArcGIS soft ware.

Important findings Understory vegetation biomass overall was less than 3% of the tree layer biomass, varying
greatly among different forest types and even among the similar types. The carbon content of trees was between
45.80%-52.97%, and that of the coniferous forests was higher than that of the broadleaf forests. The carbon con-
tent of shrub and herb layers was about 39.79%-47.25% and 40%, respectively. Therefore, the vegetation carbon
conversion coefficient was 0.47 or 0.48 in Jilin Province, and the conventional use of 0.50 or 0.45 would cause
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deviation of £5.26%. The vegetation carbon pool of Jilin Province was at the upper range of regional carbon pool
and had higher capacity of carbon sequestration. The value in 2009 and 2014 was 471.29 Tg C and 505.76 Tg C,
respectively, and the total increase was 34.47 Tg C with average annual growth of 6.89 Tg C-a™. The correspond-
ing carbon sequestration rate was 0.92 thm=.a™*. The carbon density rose from 64.58 thm™ in 2009 to 66.68
t-hm™ in 2014, with an average increase of 2.10 t-hm™. In addition, the carbon storage of the Quercus mongolica
forests and broadleaved mixed forests, accounted for 90.34% of that of all forests. The carbon increment followed
the order of young > over-mature > near mature > middle-aged > mature forests. The carbon sequestration rate of
followed the order of over-mature > young > near mature > middle-aged > mature forests. Both the carbon incre-
ment and the carbon sequestration rate of mature forests were negative. Furthermore, spatially the carbon storage
and density were higher in the east than in the west of Jilin province, while the carbon increment was higher in
northeast and middle east than in the west. The carbon sequestration rate was higher in Tonghua and Baishan in
the south, followed by Jinlin in the middle and Yanbian in the east, while Baicheng and Songyuan, etc. in west
showed negative values.

Key words forest vegetation; understory vegetation; carbon content; carbon storage; carbon density; carbon
sequestration rate; distribution pattern
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Table 1 Biomass of understory vegetation and carbon content of vegetation in different forest types

[Vl AR A R e
Forest type Biomass of understory vegetation (thm™) Carbon content of vegetation (%)
L) AR LN Gt PN AR A
Young tree Shrub Herb Total Tree Shrub Herb
HHERR Betula platyphylla forest 1.07 (56.57) 0.28(10.71) 0.63(34.92) 1.98 (1.27) 48.22(0.70) 43.58(4.92) 40.76 (5.86)
WM Populus davidiana forest 0.52(17.38) 0.47 (17.02) 1.34(35.07) 2.33(1.24) 48.45(0.55) 47.25(1.13) 42.16 (2.88)
BRI Juglans mandshurica forest 0.66 (81.86) 0.42(7.14) 0.22(22.73) 1.30(1.31) 45.80(0.74) 42.58(7.96) 39.24 (5.52)
HEI#R Tilia forest 0.31(74.19) 053(20.75) 0.99 (7.07) 1.83(1.38) 46.77(0.31) 45.76 (5.44) 41,51 (6.44)
SRR Quercus mongolica forest 0.47 (111.79) 2.36(32.63) 0.68 (22.06) 3.51(3.31) 48.46 (0.41) 43.69 (4.35) 37.24 (5.34)
Z%AKHR Undesirable tree forest 0.25(18.56) 1.61(22.36) 0.70(35.71) 2.56(2.87) 46.36 (0.43) 39.79 (7.74) 42.66 (4.52)
[ VA Ak Broadleaf mixed forest 0.72(83.30) 2.26(22.57) 0.86(12.79) 3.84(2.59) 47.60(2.43) 43.02(8.48) 37.80 (6.88)
£l iR ASHR Needle broad-leaved mixed forest 0.99 (74.17) 2.20(15.00) 1.26 (17.46) 4.45(2.22) 49.51(1.85) 45.44(6.00) 40.68 (7.30)
EFIHEACHR Needle mixed forest 0.96 (111.88) 0.47 (17.02) 0.80 (13.75) 2.23(1.29) 51.08(1.08) 45.67 (3.32) 42.62 (2.53)
HACTEI AR Larix olgensis forest 0.47 (55.42) 0.33(24.24) 0.27 (48.15) 1.07(0.63) 50.92(0.62) 45.73 (4.25) 39.69 (5.04)
N T AN Larix olgensis plantation 0.90 (139.25) 1.56(33.97) 0.23(21.74) 2.69(2.57) 50.82(0.62) 45.21(4.17) 41.49 (5.50)
NTLLFAMR Pinus koraiensis plantation 0.22 (54.34) 0.31(19.35) 0.56 (21.43) 1.09(0.91) 52.97 (0.43) 44.36(3.89) 36.15(5.43)
AT AT 0.77 (114.19) 1.17(31.62) 0.38(49.63) 2.32(2.95) 50.77(0.80) 41.82(1.57) 35.96 (11.40)
Pinus sylvestris var. mongolica plantation
N LW Populus plantation 0.00(0.00)  0.00(0.00) 0.04(2.81) 0.04(0.05) 47.61(0.41) 0.00(0.00) 42.20 (4.14)

A ) R B 5 R 5 P IR BB A A R (O, B v G5 RS 5 U AR S A B BB TR 2 A L] (%) -
The numbers in the brackets in the columns of vegetation biomass and carbon content are the coefficient of variation (C7); the numbers in the brackets in the
columns of total biomass are the percentage of understory vegetation biomass out of tree layer biomass (%).
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Table 2 Carbon storage and carbon density of forest vegetation in 2009 and 2014 and their changes between 2009 and 2014 in Jilin Province

MIYATY TR Ak T ElRs
Forest type Area Carbon storage Carbon density Carbon

(x 10*hm?) (Tg C) (thm™) sequestra-

2000 2014 2009 2014 At Change 2009 2014 “fL Change (tionq,?;%)
FE RS Broadleaf mixed forest 351.22  353.56 240.65 254.34 13.69 6852  71.93 341 0.75
Z K Quercus mongolica forest 99.80  100.44 61.07 7852 17.45 61.19  78.15 16.96 3.48
EFRRIRA R Needle broad-leaved mixed forest 76.34  83.38 65.86  65.97 0.11 86.26  79.07 -7.19 0.03
WAETRMAAM Larix olgensis forest 56.94  57.58 2497 2352 -1.45 4385 4081 -3.04 -0.51
Wt HR Populus forest 47.98  52.03 1641 1831 1.90 3421 3515 0.94 0.75
EFHEAZ AR Needle mixed forest 2495  24.95 2376  21.16 —2.60 9523 8479  -10.44 -2.08
ZABK Undesirable tree forest 1578  22.18 4.09 6.64 2.55 2586  29.95 4.09 2.60
K FFAMK Pinus sylvestris var. mongolica forest 1279 11.52 5.72 3.68 —2.04 4738 3457  -12.81 -3.39
HMEMR Betula platyphylla forest 11.94  11.30 6.11 6.07 -0.04 5112  53.71 2.59 -0.07
WIMEAR Juglans mandshurica forest 7.89  13.01 3.50 6.81 331 44.47 5237 7.90 6.04
HRAR Tilia forest 5.97 8.10 473 6.98 2.25 79.23  86.17 6.94 6.21
HiB AR Ulmus forest 5.33 3.63 2.10 1.55 -0.55 39.26  42.86 3.60 -2.55
ZAMK Picea forest 4.48 5.12 5.48 3.85 -1.63 12228 7530  -46.98 -6.70
LIKABK Pinus koraiensis forest 4.05 6.40 3.90 4717 0.87 96.14 7449  -21.65 3.19
MR Betula costata forest 1.92 2.77 1.57 2.01 0.44 81.27  72.64 -8.63 3.62
KUK Fraxinus mandshurica forest 1.49 1.07 0.60 0.67 0.07 4027  62.43 22.16 1.13
SLAKHK Abies nephrolepis forest 0.85 1.07 0.78 0.90 0.12 9130  84.17 -7.13 2.44
PHEEMK Phellodendron amurense forest 0.00 0.21 0.00 0.01 0.01 0.00 451 451 1.59
it Total 729.73  758.09 47129 505.76 34.47 6458  66.68 2.10 0.92
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Fig. 1 Carbon storage (A) and density (B) of forest vegetation in different age classes in Jilin Province in 2009 and 2014. |, young
forest; 11, middle- aged forest; I11, near mature forest; IV, mature forest; V, over mature forest.
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FIK T F(=5.98 thm™). #5241 1) [ Bk 2 1
DL bk B (4,51 thma™); HUCh #id bk (1.36
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BEAAR; Kk, BBIAE; |, KTAR; m, ZAZAK; n, 204K, o, TUHERR; p, K IHAORK; g, SR AZHK; v, SBEMK; s, &t

Fig. 2 Changes of forest area (A), carbon density (B), carbon storage (C), and carbon sequestration rate (D) of different forest types
and age classes in Jilin Province in 2009 and 2014. a, broadleaf mixed forest; b, Quercus mongolica forest; c, needle broad-leaved
mixed forest; d, Larix olgensis forest; e, Populus forest; f, needle mixed forest; g, undesirable tree forest; h, Pinus sylvestris var.
mongolica forest; i, Betula platyphylla forest; j, Juglans mandshurica forest; K, Tilia forest; |, Ulmus forest; m, Picea forest; n, Pinus
koraiensis forest; 0, Betula costata forest; p, Fraxinus mandshurica forest; q, Abies nephrolepis forest; r, Phellodendron amurense

forest; s, total.
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HoOPeRA R mocX . s B i, 2014
ERIGET AR YIAESD Tg CLAL; HUOy AR ALHR
TR BN . Bk, s T, X
MRS EL . PRABIX . PkrgTh . K2y, @ L5/
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A5 11(2.79 Tg C). e 111 (2.75 Tg C) R 117(2.58
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BIEL L R DL S a3 ) &7 221l o M 1T 55184
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/X % H 11128% (&15).
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PSRN ESE RGBT
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R AE W) s A7 AEROR IR 25 7 (Yamamoto et al., 1995;
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MR, 2001; Baccini et al., 2012); IPCC (2006) 42
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FWFEN0.45, (HFSL b, RIS RS R
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Fig. 4 Distribution of forest vegetation carbon density in Jilin Province.
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Fig. 5 Distribution of carbon increment and carbon sequestration rate of forest vegetation in Jilin Province.
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