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Abstract: Forests play an important role in global carbon sequestration and climate change mitigation strategies because
they are the main component of a terrestrial ecosystem. The dynamic biomass carbon stocks and carbon sink economic value
assessment of forests are important ways of assessing the global carbon cycle. Based on the forest inventory data between
2004—2008 and 2009—2013 in Shandong Province, and the updated biomass—volume relationship retrieved from field
measurements, the dynamic changes of biomass carbon stocks and the economic value for Shandong's forests from 2004 to
2013 were estimated using the continuous biomass expansion factor method. The results showed that forest areas, biomass
carbon stocks, and carbon density increased significantly from 156.12x10*hm*, 34.75Tg C and 22.26Mg C/hm’ between
2004 and 2008 to 161.44x10"hm*, 43.98Tg C and 27.24Mg C/hm’ between 2009 and 2013 in Shandong, respectively.

Planted forests dominantly contributed to the increases in forest areas, biomass carbon stocks, and carbon density. About
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97.3% and 2.7% of the biomass carbon sink were contributed by planted and natural forests, respectively. The biomass
carbon stocks of Populus and hard broadleaf and soft broadleaf forests accounted for 70.2% of the provincial total during the
period 2004—2008 and 69.6% during the period 2009—2013. Populus forests held the highest increase in biomass carbon
stocks and carbon density during the study period. The magnitude of biomass carbon stocks followed the sequence young
forests > middle—aged forests > mature forests > premature forests > overmature forests. The total economic value of the
biomass carbon sink for Shandong’s forests increased from RMB 24.337 billion yuan for the period of 2004—2008 to RMB
25.342 billion yuan for the period of 2009—2013, with the increment of RMB 0.201 billion yuan per year. The economic
value of Populus forests amounted to 60% of the total for all forest types in Shandong. Pinus densiflora forests had the

greatest carbon sink economic value per unit area of 2.08x10*yuan/hm’.

Key Words: forest biomass carbon stocks; forest inventory data; the continuous biomass expansion factor method ; carbon

sink economic value; Shandong province
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Fig.1 Forest type distribution of Shandong Province in 2010 ( sourced from Institute of Remote Sensing Applications Chinese Academy of

Sciences!??))
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Table 1 Relationships between stand biomass and volume of major forest types developed on the basis of collected field measurement data in

Shandong province!®]

T (1) 28 Parameters in equation (1)

RIS Forest type : 2
a
A Larix 0.6079 17.062 0.8948
IR Pinus densiflora 0.5162 18.293 0.8357
TS Pinus tabulaeformis 0.7709 8.8631 0.9254
KIERS Pinus taeda 0.8136 7.0371 0.9849
MIA Platycladus and Cupressus 0.4904 30.427 0.9608
¥EZE Quercus 0.7848 16.715 0.9542
i {2 B2 Hardwoods, softwoods® 0.8918 28.441 0.8103
¥t Populus 0.6251 11.462 0.8537
WM Davidia 0.8956 0.0048 0.9900
EFIHEASHK Mixed coniferous” 0.7442 26.806 0.7026
MR ZEHK Mixed broadleaf forest 0.7393 43.21 0.7314
I IR MK Mixed coniferous and broadleaf forest 0.4385 52.905 0.7179
B Acer, Tilia, Ulmus® 0.7564 8.3103 0.9800

0 ) A A R AU R ) 21, 4R S A R A il A R EL A 4K [ 2 Hardwoods include Ulmus pumila and other hardwood forests. Softwoods
include willow, Robinia pseudoacacia and other softwood forests;l' AT YR A MR A 35 BA AN AN LA AA 2 Mixed coniferous forests include Pinus thunbergit

Pinus elliotii, Pinus quiffithii, and exotic pine forests ;2% RKAIFHEAZBEFIHLIE Acer, Tilia, Ulmus forests include walnut and chestnut forests

1.3.2  BRMERICLFMETE
FRARBRI LT £ 2R R ME S R G R B AT RE M NE ,  H AT = 2 A TR AR 4 U
B T 1%, AR AN A% B 2 15 D7 s BERLRIT I A2 50 v] DA %5 . ASHIFGY LA B AR R A 5 R G2 IR 55 1)
REPEAS ALY (LY/T1721-2008) > v 87 (9 2 $CR AR 4 , SR PR BE 12 A L0 AR 48 BRARBRIC 28 B (i, T
KUWTF .
U=U, +U, = i S.G.(1.63R, B, + F) + 1231.1951. G, B. (2)

K, U FIRBRARBAC TN ; U RS AR B BB U, RS BRARBESEAMNE S WS i AR S (i = 1, 2,
oo 13) PRSI R ; G, R B BRAN A, SR B ML A BB R 1200 J6/t; R, CO, BURR B it (27.27%) 5 B, W5 @ A F%
PRIERI(i= 1, 2, -, 14) BIMEAIGAE T J1 ARG LIRS SR AR (38 2) 5 F o 7 1 R AR AR 3 [ ik
T, R PG 5 oy T AR AR AR S A [R5 19 LA 0.02:0.49 #EATHHEAI) . 6, B S MA% (1000 TT/1) .

2 HREH

2.1 AN[EARIE IR ARER i RS

# 3 J& 2004—2013 4E AR N TARFIR IR G fit it 22 A, ST 4F R LR I3t 1 W e By 3P Ak TR K
FMOll A=A B TR AT LS ARGRAL TR 2048 ARARAG T AR B it 2 FRA 25 BE 43351 DA 2004—2008 4F 1 156.12
x10*hm* 34.75Tg C F122.26Mg C/hm”¥E/1F] 2009—2013 4] 161.44x10*hm* 43.98Tg C F127.24Mg C/hm”
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N TARB AL 146.04x 10 hm* 54 3] 151.36x10*hm? , A0 5.32x10*hm? , (5 AR 0 BUAHE B 1Y 100%, [A)
B, N TR i 1 f 2004—2008 41 33.22Tg C 3] 2009—2013 41 42.21Tg C, 5N 8.99Tg C, H
MR BBt 1 1Y LG AN 95.6 %38 TINF] 96.0% , TEREAWF T ], R ARAR Y T AR AR AL AN B b | Bk i e 2004—
2008 414 1.53Tg C & in%] 2009—2013 4E[Y 1.77Tg C.,

x2 LWHREAETERNEBNRSSENRESTN

Table 2 Net primary productivity of major forest types in Shandong province

Fus ey | IR/ (g C/(m? - a)) P30
Forest type Net primary productivity References
TS Larix 917* [25-28]
KA Pinus densiflora 1172 [29]

TMHA Pinus tabulaeformis 772" [25-26, 30-31]
KHEHS Pinus taeda 712 [32]

MiIA Platycladus and Cupressus 955 [25]
& Quercus 968 [33]
TR B2 Hardwoods, softwoods 372* [34-35]
W Populus 928 [25-26, 36-37]
WA Davidia 902 [38]

EF IR ZE M Mixed coniferous 572 [26]
MR ZEHK Mixed broadleaf forest 980 [25]

£ FER A Mixed coniferous and broadleaf forest 745" [26, 33]
&K Acer, Tilia, Ulmus 427 [39]

= PR AL BE KRS A R TR SRR g A7 R AR B

2004—2013 4E[] 111 4 2 BRS80Sl 9.23Tg €, 43498530 1.85Tg C/a, Hid AT
ARFN TSR ARSI 3 A BRI (K BTk 43 3] 5 97.3% (1.80Tg C/a) F12.7%(0.05Tg C/a) , H13& 3 B0l WL, N TARAYHR
9 21N, iR 2004—2008 41 22.75Mg C/ha 35 1E] 2009—2013 4F14 27.89Mg C/hm’ , A1 4 F [A] I K44
MR FE Y 149.9%—158.8% . iX Ut W LLIZR 44 AR it e AT A 16, 32 05 R X TR T AR Ak 2% B 1Y)
B,

F£3 2004—2013 F£ILFREAIHIRAMBRGEE TR

Table 3 Biomass carbon stock and carbon sink for planted and natural forests during the period of 2004—2013 in Shandong province

ATk Planted forests KIRHK Natural forests
R iR T il it T fil HA i fif it T s JE fiwil
o Carbon Carbon Carbon Carbon Carbon Carbon
Period/ (a) Area/ K . Area/ . .
(10*hm?) stock/ density/ sink/ (10*hm?) stock/ density/ sink/
m (Tg C) (Mg C/hm?) (Tg C/a) m (Tg C) (Mg C/hm?)  (Tg C/a)
2004—2008 146.04 33.22 22.75 — 10.08 1.53 15.18 —
2009—2013 151.36 42.21 27.89 1.80 10.08 1.77 17.56 0.05

2.2 AN[E BRI e it 1 A2 Ak

AR ARARDAN AR R 32, A R BRARZE AU By e fiff B AF FE R R 22 57 (3R 4) o 7E 2004—2008 4 1 2009—
2013 AFEPHUR ZRMUE A1, A e it B 24005 K, 43 1) o RSB it £ 1) 55.7 % T 69.5% s BRI 2 Rk Z
ot it 43 ) o5 AR A 1Y 14.6%F11 11.1% ; AR BT RS JRAS RS AR S R TR S MR FAR S 1Y
Tt B 53 A T 458 ARARR A 2 1 1% —10% ; A 7% FEs THIAR | JCXE AR R 28 R B i fidh et X9 50/, 43l o 4
B RRRBRAE Y 19 AT BT RE 12 0 SR AR (8 5k it ok 0, JEL At 2R AR 28 700 0k i 240 7 348 o 388 Jom
BREZ R ERIN 6.41Tg CAEBRIC A 1.28Tg C/yr; RS2 4T FIR S bk 61 iR S bk | R TR 58 Ak A
AR KR FR TE AN FIMALS ; KB RA R R B I 45 ZRARE BB A ot () 28 1k 5 L 1l AR ) 2R 1k 2 D) A
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5K BREEREZE BCRRZE S FA FIELAR B4 T AR A, A BRARSE Y ) T AR S A5 I
135 4 38 AT 1, 2004—2013 AF[a] L1 AR A K 22 BOBRMRIE TR A4 Rk 4 B2 49 A3 ( RCAE ] R SSPRBR A1)
SEIARNS L e R A2, B E I N T 30.0% BT 5 300 18] 8 85 B2 e KA AR RS L2 7% A, 2009—

2013 4FRR E ik 44.70Mg C/hm’®, KHEAA AR 2 B B AIKA 6.54Mg C/hm’

F4 2004—2013 FILREREHRMEB MR GEEFARIC

Table 4 Biomass carbon stock and carbon sink for different forest types during the period of 2004—2013 in Shandong province

P - T T W . ﬁb“z‘iE.
Forest type Period/ ( a) A;rea/2 Carbon stock/ Carbon denanly/ Carbon sink/
(10%hm?) (Tg C) (Mg C/hm?) (Tg C/a)
TN Larix 2004—2008 16 0.06 38.66 —
2009—2013 16 0.07 44.70 0.00
HH Pinus densiflora 2004—2008 1343 1.84 13.67 —
2009—2013 1136 1.72 15.10 -0.02
MHA Pinus tabulaeformis 2004—2008 32 0.05 15.56 —
2009—2013 48 0.08 17.47 0.01
KIEHR Pinus taeda 2004—2008 16 0.01 6.70 —
2009—2013 16 0.01 6.54 0.00
A Platycladus and Cupressus 2004—2008 991 2.15 21.68 —
2009—2013 1136 2.55 22.42 0.08
KR Quercus 2004—2008 560 0.81 14.37 —
2009—2013 576 1.03 17.92 0.05
W2 FRR2E Hardwoods, softwoods 2004—2008 1914 5.06 26.44 —
2009—2013 1483 4.87 32.81 -0.04
¥t Populus 2004—2008 8933 19.34 21.65 —
2009—2013 9152 25.75 28.14 1.28
HIAR Davidia 2004—2008 128 0.28 21.91 —
2009—2013 110 0.28 25.49 0.00
EF IR AEH Mixed coniferous 2004—2008 831 2.05 24.59 —
2009—2013 1054 2.80 26.53 0.15
A MRS HK Mixed broadleaf forest 2004—2008 416 1.69 40.53 —
2009—2013 555 2.13 38.35 0.09
B R 2 bk 2004—2008 432 1.43 33.06 —
Mixed coniferous and broadleaf forest 2009—2013 750 2.54 33.82 0.22
oK Acer, Tilia, Ulmus 2004—2008 — — — —
2009—2013 112 0.16 13.86 0.03

" R A

2.3 IS AR AR A AR AL

TR A S AR IS S AR IR G . 1 2 R 2004—2013 4R 1 ZR 48 R 5 /N4 20 1Y 1o AR B i
B AL, MR 2 AT LI Y, 2004—2008 4EF1 2009—2013 441l AR 23 1) i AR 43 2 1 LAY 70.09% £
63.1% ; FRARBRAE FE VR AN 2.72Tg C, FEIBRIC N 0.54Tg C/a, REARAF BBRIC A BTER N 29.5%, ik i 24
R REIBR N BR A AR A 18.3%—19.7% 5.9%—7.6% \4.6%—71.5% 1 1.1%—2.1% ; i & 43 4

H4)m 2.43Tg C.1.52Tg C.1.74Tg C F10.81Tg C, 5 AR5 BRI 26.3% 16.5% 18.9% F11 8.8%

AR IR A3 S 0 o 1 B0 B B A 2 — o TR By 22 B A AUy bk | R i AR i AR A
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61.3% .56.0%130.1%, 3 45h, FRMRA R IE A A I LB Af TR Iy — 2R, Gl AR B D 7.46x10°
him? | HERR A 0 8 o = SR T B 1 3 BN, A 2004—2008 4E 1Y 19.10Mg C/hm* 3411 %] 2009—2013
AERY 23.17Mg C/hm® FV MR SRR PR R 2% B 35 hy BH ., 433 14 i 4.88 Mg C/hm® il 5.85Mg C/hm?* ; A
BRI BARNAT I T B (AT B2, i ORI e 28 B85 7 Sl 2 rh R MRRN Al AR ) 1.7 50 2.4 15, ZR BN
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Fig.2 Area, biomass carbon stock, and carbon density of forest stands among different age groups during 2004—2013 in

Shandong province

2.4 WA BRI LT EAG

IR A8 BRARBRIC 2 M M 2004—2008 4F 1Y 243.37 fZI0HG K 5] 2009—2013 4E ) 253.42 1270, 4F 243184
1 2.01 4270, Horp ZRARE B (E N 79.97 {2 018K 3] 83.28 12T, 4E 18 K 0.66 1270 ; B M M 163.39 12
TCHIK H 17014 427T , B34 1.35 4270 (FR 5) o B AR AR B AL A T 22 B A (BN 2004—2008 4% (1)
1.56 J70/hm* #8105 2009—2013 419 1.57 J570/hm? , H s [E BRANE 0.51 T3 70/hm* BN %] 0.52 J5 5/
hm? ; B REA M E G IASE] 2, 43938 1.05 T3 78/hm*

PR BRI A 01T, LU 2R 48 45 ARARZE B A B T 22 B A (LR A AN TR s BE A 35 4 . A0 0 [ e A {8 R 280
(EFNBRIC B B8R, 43 3 o5 448 BT ARARZE R B [ B (B SR M (E AR IE 2 BRI (LAY 60% LA L, %
By A B REZE KRS R SR BRI 28 D (B A T 9.78—27.89 470, AR RIS BT T 10 127T,
2004—2013 4F (8], £ R TR SR A BRI 22 55 N L 0 d ok 835, R 4.20 4270 FLUORAG EF RS AR A |
R ASHR A ARZEHNMAL 5 KIERAFNTE AR AR LR B I 5 Y0 B 2 R I AR S B R A LA
AR A 3 (4.30 4200) o MBALT AR AR AR (L A BRI 22 SR 0 (B R, AR R TR A AR RIS FIR it
EFIEIRATAR  J5 R R R T 28 BF BT 125 T ] — I 3 4 48 0 - 24 K7, Herp LR A B i o 2.08 T ot/
hm? , ZERENIFGEIA ], BRET RS MR 28 ARG oA FRARIETY (%) BT T BRI 2 B E AR LR B
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3 e

HENT RS Y i U ] (A 5 5 0C R TR A ORI S i R 1 R IR YT DIEE S 2R
Fang 25" FI I 758 A A= AR oAU A (0 v R 21 Fp AR B 3 Ak i 5 B B ) (0 S5 e 2 50, 1 3 R R
HIX R B AR it i RARER A% S FR AR A AR I 4L B DR G, Pan 25 HFSE & PR, Fang 251" #E 57 AR
Pyt 55 5 R R 0 10 56 2R 5T, 839% 1A SN A= 4 e A5 b a8 T v 0 e R, S50l b T AR PR A e 110 A7 B 4 S O v
35% ., HREGIXAN S, Zhang 45 S AR Y 3543 AN EAEHIBCE R T B TS T 4 [ 4% 3 SRR R 1 A
AR B, HZ2BURMR R AR b 45 I AL A A0 AT T 0 5 4 [ 7 UR AR A Hh 45 % 2L A0 4 T T AL L 49192230, )
FH IS ST A A T 4 (] 30 Ff B ARSI A AR ) 1 B B R 0 S B T G IR b s T v R b £t
AR RE . AT R F A 42 5048 FRATE A8 B0, FLARAR T B & B TR AR B AE 90% A 11 AR
W R Zhang %5 Bk i A 4 i B BUR G40 280, R P A 0 o T e DR 328 2 R B0 A BB R MR Bt i, R 22
BORMAER R Y A R S AR LML R (R?>0.8) o 5 DMEBIFEUAR L, A BFEAE B8 F s i 1
HAB SRR,

i Z LM EAE RGN RPN 2.4Pg C 75 R BRERAT I b 25 5 2 AVE T, It A A8 T 2
FE FRMIE KR CO, VR B 0" R F BRI, AR 058 F0A , TS 0 R s AR P 3 b, 3 2410k
BRI — I ORI 4 R W, 2004—2013 4 LR A ARARRR A% AR B K 1.85Tg €, 5[
ST ] AR AR A i 0 A AR 3 — B PR ERAR S 2, LR 48 45 JUT AP i 12 o () 30 4 ) R P fs
4 L B S 38 R A, 4350 R 0.56% 1 0.64% , TRl —IHUT, LI ZR 48 ZRARES 2% B 5 4 AR LE (R T Zhang 25 5%
(1 A [ AR MRBR 2 1L, 53531 40.12Mg C/hm” FiT 41.90Mg C/hm’* (3 6) ; 5 [RIAL AR AR HBIX (9 Foth 45 A L, /N T
U VIR CHIUL R AR RN VLG (R 0 ARG % BE . B 2004—2013 AF 1L AR A AR MR B % BE (0% 3 i
(22.4%) , KT FIF(21.7%) JT95(11.4%) HiIT.(20.8%) 4#0(18.0%) F&EHEE(12%) FTHE (5.1%) . i 10
ARk LR A8 PRI it o AR 2% 3 3 A 3 SR I A LA AR 2 45 2 W o Uk, AR I R 4 1
AR BRI B B AR B B . 1 B30 A AR AR T AEURT Rl s 2t 6 2l 8 MR I v (T 2) , P i bR v, 3 A
R BB IT PORARAEG , (H MR 5 B 5 RS 4 52 T AR G, ZR A R B A, o 7 % 2B 940k 2 B 2y | 2
BB 85 B A3 i S Al R PR RS PRI 2.4 A5 A0 1.7 F% o LLAR A8 BRSO 1 %) — 4 2 22 i R 4l A v i
PRBT ARG K B BRI & B, RIS 2854 1) B35 | 3 SRR T |5 1) b BRI K, L AR £
R (BT A FH 32 ST 1 e, 4 4 ) R PR s et R 1 4 [ A MR ) B T 1) B ko i34

F6 IRATHBEENBEES LR LE

Table 6 Estimates of forest biomass carbon stocks and carbon density in Shandong province and other regions during the period from 2004 to

2013 using forest inventory data

B WL W
12 Period/ (a) Carbon stock/(Tg C) Carbon density/ (Mg C/hm?)

. EE 4 ; . s s - .
HLIX Region % TIPS M b wH W mm @

China China

2004—2008 34.75 6241.84 22.26 40.12 23.39 23.07 25.08 26.83 41.43 29.45
2009—2013 43.98 6896.33 27.24 41.90 28.47 25.69 30.30 31.65 46.42 30.96
KR References ABESE [43] ABrTE [43] [43] [43] [43] [43] [43] [43]

FRMRBRAL 8 55 (A 1 A0 75 B B2 A I 58 R AR SE B A S 4% , VPAR TAEMERE SR, HRT B
INNBYTH B FRARBR I B B 10 25, W I 5 2 288 AN T CO, MR E TR A i R BEESE ™ R
AT A B A A 225K . Bl HH SRR 52 5 I AN T i, BBV 8 0t [ P AN S5 Tk,
I A5 3 PR 125 70 ARAR IS BT AR ARBI 1Y 2 55 U AT A5 3. 2004—2008 4F 1 2009—2013 411 AR 44
TSR 2B (H Y 5 2B 1.6% ', 2004—2008 4 (141 5 285 S w5 T 1 450 [a] i 4
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10 A E = 38 G

AIBFTEAE R (215.42 4270 , 5 [RIAR A 7R M DX A HAL 2 T A LE /N T I004 AR R v, R i VLT8R 22 3
[T (4 BRARBRIC 2B . PR ARARIE 230, L ZR A8 B A RO 8 (R BB 28 T (I 22 0 43031 o 4 i
9 71.8% 1 68.7% , X FKWITE N ARAE ARMAAS R GE B E g 2 SR BUAE A7 B R AR 19 i 3 B2 ) AR bk 2 1
b TR AR A ARAR MRS 20248 ARAR IS BRSSP R T, E A2 BRI 348 A7 AR Rl 45 4 B — 4l bR T
U R R AABR 285 fi P 45 T, S50 44 AR BRI 2255 I (EAR T P 0P B TR SSMK | R R S AR AN
B RRR SR EAT o I BRI E (3R 4) BRI DRI (3R 5) 2 LR RR bR i AR H 28 B A (EL 38 1Y
B TTRRTE . P, A LI I TE AR R R SR B v RRAR B A BEOK P | LA R L AR A RRARA B
ik,

TEAMIFTE R, 2T AR A ORI ZR AR A8 18 20 2572 A B BRI 28 R AN (8 ARG 35k — 2045 B et A 5
3, AR T IR B A S R SR BR IR DI RE , S0 R AR RS LURI =S 38 (4 IR B2, 30 T 8 2 ik
SRS RR A P AR A A AR BEIE R B . (H il ARG o B 5 B AR B IR R = R I 1
SRR I, DR A AT R IR A 25 R G AR i e Sl 257, AN BE B S e 1L AR A e S R AL B ) 5 [ e
AEST, W itk — 220

AR SCHE T S IR Bl B 2R e S R R S RO 2004—2013 AF B FRARGE VRIS A O AN T IR A
53T T R AR A 11 (B ZRAR 0 Bk £ it B I 2l 5 A8 Ak, F AR 5 [ R A v B AR 28 R G IR 55 D e 1Ak ALY )
HN i IS HOF LR BRMBRIC 2655 I E A T PEAl . REE58 IR .

(1) LI AR FRpkak s A 2004—2008 411 34.75Tg C A3 2009—2013 4E 1) 43.98Tg C, FRARFE I —
A BRI, N TN KSR R TL TRk 4301 R 97.3% F1 2.7% ., AR FIRE 1) 40 1) 28 R MO LU AR A8 7%
RB A e 1) S L DTHR A, WO TRt i 2 RN i) 7 448 BRI 70.2% T 69.6% , K 22 B0 AR MRS B () Rl s 12t 1
e 28 B Yy S R ks B, LA S ek B3

(2) £ 0B 2H AR 12 S R ot 52 0 H0 ARLARL A 728 A R B 07 08 6 > v 8 6 > BB > 1 Z80bR > 35 280K
FRMRTETFR A3 D02 R AR 3 PR | RGP o At i 398 o 1%) =22 S DR R 2% B8 P 34 2 S0 0 e i
I EER R

(3) INZR A FRAARBRIC T E N 2004—2008 4F 1) 243.37 {20 K 3] 2009—2013 4Ef¢) 253.42 1270, 44
B 2.01 A27T , BT AR TR A BB 2855 A (BB N AS B (2 o A W) (R0 Y1 28 5% 1 20 3ol o ()30 4228 Pl A AR
FA T 60.3%F1 59.4% , 5 TR SR BRI L BE M (E 3G e 3
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