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Abstract: Conserving and enhancing forest carbon sinks is one of the important paths to achieve China’s carbon neutrality

goal. This paper summarized the research literatures on China’s forest carbon stock and carbon stock change ( CSC) in the
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past 10 years, with one aim to prove the current and potential forest carbon sink and its contribution to carbon neutrality,
and the other aim to reveal the gaps and shortages in forest carbon sink simulation and prediction research, and to better
support the national implementation pathways and actions to carbon neutrality. The results show that the mean annual CSC in
China's forest ecosystems during 1999—2018 was about (208.0+44.5) TgC/a or (762.0+163.2) TgCO,-eq/a, among
which the mean annual CSC in forest biomass, dead organic matter and soil organic carbon were ( 168.8+42.4) TgC/a,
(12.5+8.1) TgC/a and (26.7+10.9) TgC/a, respectively. In addition, the carbon stocks in harvested wood products and
trees outside forest in China increased by (49.0+15.1) TgC/a and (12.0£11.1) TgC/a during 1999—2018, respectively.
The mean annual CSC of biomass in arbor forests in China will increase from (145.9+38.3) TgC/a during 1999—2018 to
(171.9£60.5) TgC/a in 2030s, and then gradually decrease to (146.9+57.7) TgC/a in 2050s. By 2050s, the mean
annual CSC in China’s forest ecosystems will reach (247.0+71.2) TgC/a or (905.2+260.8) TgCO,-eq/a. The differences
in the definitions of forests, data sources, estimation methods and parameters, and unreasonable assumptions in different
studies resulted in a large uncertainty in the assessment and prediction results of China’s forest carbon stock and its changes.
It is necessary to unify the land use classification and clarify the changes in forest area and its spatial distribution,
comprehensively consider the impacts of land use change, climate change and human activity management, and to assess the
dynamics of all carbon pools in forest ecosystem in the future, which will effectively support achieving China’s ambitious

goal of carbon neutrality.

Key Words: forest ecosystem; forest area; carbon stock change; potential carbon sinks

VBRI G S A AR A I FE B 2 — | DR PRI SR RS 32D BRI AR AR A it B2 1Y s HIE e 55 4 G Y
PN Z IR SR E PR ALY . 1992 AF A B S ASEHESR A 29 (UNFCCC) ) S U456 1 3 f
P BRSO RS SR AR MR 1997 AECHUERIGE ) A A | ORI U T RS AR AR B 5 AR
T AR SR PR R i 30 2 AR 2 ) S B e, (RIS 7R 28 =205 3 At o b o R - M AR BB 7= A 1
TR 2 SRR TR A AR . 2016 AR BRI ) A AR | R ELR A5 4 249 R T s (- R348 5 2%
BRI, 275 AR ER 2 ALl 24 5 388 a1 R R R OB AR S R e, A BRI R AR Ak 1 AR HET, DA
R 3wk FR AR I AT R 24 TR SR TR ARBR B . 2021 4E UNFCCC 55 26 W 4E 2077 K2 b A4 v B AE N )
141 A E AL E T OT AR - s R A% Bl a4 e B ) 2RI 5] 2030 AR5 1R SBobk H15% 14
IRARIR DL, ZE R ZRAR IS 36 T B R S — 4

SRR VR IR R EL BRI ) IR H bR, B Rh A BRI A AR A BT I A S R, 7R 2 T
B HE OB R ST E SRS A RS TS R 1R = SRR BT RN, X
A3 IF AL AR B SRR R 2 SISO, B R 36 s ()5 e R Tk < R H AR A A E )
SRREE AL R FOE I A R T < BUR R AR AL T 1T B2 (TIPCC) ™ ¥ = bRl 43 < A B R +
Hi RN TGRS BRI b L A A Y A b R SR B I N R e (A AR B AR | EBEMR AR ) B i
]2 0 AR 30 (i s B R e G S AR IX 55 ) DASEE 4 i A 7= A S sokk & T RE, R0 E AN T ol e
A TR AR RO AR A B L DL IX TG A A b 1 R SR R A AR AR
s

H U — B A AR A8 X S e AR Ak TR ELAS ol AR AE T . 2020 4F P [ BUREH T«
4T 2030 4F FiT LR IR 6 2060 A AT SE AR AR %) H K [ K R D SR K LI B AR [ A A L Rk
BB RN & AR A 3R TR S R GURRIT Y B R VR SC AR R B R Rk — [RIBHR H EEE T
ST WEIIRE F7 , T IR AR A A 25 R G T AR S TR A R At PA , S AR S R I B AR &R, R, B
B ZRARBI BRS80S 8 A I S0 % B e A SR, X SR IO R BT HEA T sl it A S B
R A BAR R T B0 X AR G S RO BT 10 4R 6 B AR ARBRAE B AR I R Y
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WFFE SR, — 5 TR TR B b AR T PR AR RO S8 e b R (0 Sk, S8 B 2 A 7 T AR Y
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1 FRMERIC Y AE

UNFCCC #4307 7 SO R i B il 28 A0 AR A 50 3 AR AT AR i AT ] il 72 L 3% sh sl L], e =z
MAPE S T RE SR A b |, B A A AR S 1 (CO,-eq) M i, A AL AR R fiIE " ol
PR o BRI AU AR X T KA 7 Y, Bl it i R /MR T — Beif [ ] RS b i B COo, R 1, 78
IPCC 4535 Hh | P I (2R B IR AR HE AL , P (8 SR BT sl s b

PRS2 AR D3 1 6 S VE N KA R CO, & A ALY , 316 Hpl A7 7 A iRk iy sl 3 v A
MR BRI R CO, W BE GRS IIVE ] . AR S RGEBR BR300 73 A= Wy i V&9 BB AR il 4 03¢
ALK, AR FE 5 (Harvested Wood Products, HWP) H i ik 7T LA 77 8504 31 500 48 M T 2 ZE Bk HE T,
I HWP 2 FMAES RGN — DT Z R . FROMBRIT I 5 — B[] PN 2R B 22 14 i i 12 22 1k 22 1
For,

AC, =Y AC,, =Y (AC,, +ACy, +AC, , +AC,, +ACy, +ACyy,) (1)

K AC,, ARG A8 i AR BRI DRI 4] 43 i Z B0 26 RS AC,, (AC,, (AC,, (AC,, | ACq,
FAC 3 R EAE Y B T AW FER JA7EY) | S DA FIOIR B A 7 e P ) e s 12278 4K
B BR PERR A AR A T IR A b (3K 2) s 250k (A0 3) Rl
AC=(C,-C,)/(, —1) (2)
AC=C,, —Cy (3)
o, € S HERR PR AR i (MgC, 1MeC = Tt ik ) , AC S5 FE (e fifi f A5 1k (MgCra) e, Al o, 43 IR RN R
W] () 5 C,, WIZBRIE R BRAE S35 1 (MgC/a) L T C, A IZ R P Y B i 1 9820 (MgC/a) .
YRR FR S i B A AR AR R DA B3R < il i AR A ik ds FH A 3 (2) TR AR AR A 1t 1) 22 £k
st (H AN BTG BRI A AR SBOMRERT , D00 06 20 ] g 25 5 A R AR FH AR £ 21 78 1y 1 AR = b ) P AR AR I e B
AR (AKX 4) .
(D, - D,,) xA
AC = 2 1) (4)
A AC S HERR R i 22 251 (MgCra) 56, F 6, 73 AR R A0y () 50 4 MR S AR 26 B 405 ¢
ER AR — ORI AR LB A FHZE B AR (AN Ak BRAR B SRR SE ) FIARAR A Ak e
FIFHZER (AnSebR ) 45 5 D Sy - oA FHASAR T (5 ) B8R B (MgC/hm? ) ;A A+ MR FHAE A2 A TET A (hm? )
“Pragik” 2 0 TSR T R BRI S R, DA IR AR S R Z A i sS DA SRR S &R
GENB R Z BB R . 3 (3) H C,,, AT AR A TSR CO, (DGR A Yy i 8 4< ) o ml LA
SEK A HE R R R RS (AN R V& Dk PE RS IR A TAE Y REER PE YR RS ) o TR T DU 1a) RSBk
CO,(IAEYEIARE) o a] DIJEFE RS 2 H ik 2 (AR ol A= M) s e e RS B ™ ik ) o TR TR RUEE |,
FRMARI AR Y TRRMAE S R G SN A J1 (GPP) F0FR F F= M (Ra) FLR S22 ( Rh) B HERL, FEF0BR A H
T Bl (AR AR ) A1 E SR TP (U K Bl s s ) i 1l A sk HIE 50 2 s T B v o A= 0 B 3R 25 77 J ( Net Biome
Productivity, NBP) SE ),

2 EEHEMERCIR
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Fig.1 Schematic diagram of carbon budget in forest ecosystem
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HIPEAE T 1990—2007 4F 8] 4= BR ZR AR SR IL &8 29 (- 4.05+0.67) PgC/a (1 PgC = 10"t ik = 3.664 x 10° tCO,-
eq ') E ETHA H TR b X SR A (2.94£0.47) PgC/a BYBRHET, X W 1] 4 BR R AR R IR 29 (- 1.11 =
0.82)PgC/a, Harris 5/ 5T TPCC 57 19 7 1 24 HE S A2 it b 1 W00 985 ' 7 0k R0 T2 00 00 45 40 22 1 17
2001—2019 4F[A] S BRZRARBRIL 30m 433325 0] 40 A (], 450 /R 2001—2019 4F 1] S TPt 16 1 T 4Bk 7%
RIS SRHERL (8.1£2.5) GtCO,-eq/a( Hor CO, 215 98.9% ) |, [A) 3 4 BR AR ARBR L HE 44 ( - 15.6£49.0) GiCO, -
eq/a, “F RGBT 29 (-7.6+£49.0) GLCO,-eq/a, Wang 25" F] F v [E %5 — Wifx T2 TanSat
) XCO, /™ ffilith T 2017—2018 4F: i) 43K fili b A= 25 R Gei i A -3.46 PeC/a, {HICHE B X S BRAR B BRI

SR, AT BTN R ERARARAT B A HE R . PR AL 21 (FAO ) 4551 1 7, 2020 4 4 BR AR 1H FHAH
FE 1990 4E3 /0 T 178 Mhm?® , ZRAR SR B B/ T 29 6 GiC™ | JETF FAO SERFRARGE DL, 2020) [ 514k &
BRI FE 0 0] R4S BRI bR = A= (1 i HE RN 1991—2000 4E 18] 1Y 4.3 GtCO,-eq/a I [& & 2016—2020
AN 2.9 GLCO,-eq/a, {H R B BRI H M -3.5 GICO,-eq/a fEFE 2.6 GICO,-eq/a, 275 —H Z A
1991—2020 4F- ] L ER AR b s A = — SR AR P IR, X AR5 HETBCR: N 0.4 GtCO,-eq/a ™!, 2020 4 42
BRER IS PG 25 SR s T, 2011—2020 4F 8] “ A7 45 BLAY £ L B3R (-2.7+0.4) GtC/a, (H LU AR R £
B - ) P 22 AL S BB HECE N (3.820.6) GIC/a, —FAH)E “ A B HE ) + 4 ¥ HE (1.120.7) GiC/a, A
THZF TR X 53 Hh AR ) ELAR BTk

3 AEZRMERICIK

3.1 ERRAREIC A PEAL E R

CRRMRIE Y O B r AR RR TRAR AR 1 5 R P TEE AR (TR AR ) o 38 Lk 4 [ R
MRBERIE A RS R, 2014—2018 AR 38 E I A AT ARREREM TR 5104 179.89 Mhm® (6.41 Mhm® I
34.15 Mhm?, 55 =4 FE E A SR Bt 3E 2019 42 FE IR AME L 197.35 Mhm® AT Ak 7.02
Mhm? , {H 38 RS GE AR AR AR — ST 308 SRR 13 1) PR T AP0 0 e O - e ) ) bt 7 3 Ok
K143, A0, Z B A TR AR MR AMRAR P = 0.2 , BiAkst FOARE B =0.1 H.<0.2" 1 o Rk e« v +
b ) FH 28 J256 W BB SR FH A BRARAB P 2 > 0.3 B ARHBAR AT JEE 0.1 5 0.3 Z (8] JE AR Rsp - BRI b 78 55 4
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B MR T ARARABIATE =0.1 A5 =5 m S532bRE 0 i TR RRMRAG RE CRG3 2605 XA AR, AS )
M P BB 23265 it o 8 v T R AR T RR A A LU ORI 25 57 (3R 1) X 2 B R WA B X R pRik fi ek S AR Ak
RAPPASZER T HL, A4 R AR i i SR A R AT OR 2 A X T AR, T X AT AR HE AR 4
WFFEARXTEL A . PRI LA RAIRFE TR A PG 7k A A eF 18] X 1245 ) 90 BT 25 5 17 A 22 5, H i AP e 2%
AR At R AR ST 4 R B A e AR E N

® 1 FEHERERHEFRAER Mhm

Table 1 China’s forest area from different data sources

HEA MK H Shrub lands

P 2 FEARM Pk A Hetkm® Bl IR
Year Forest Arbor Bamboo Nati : 1 soecifi — T AR /N Other Data

’ h forest forest ational speciiic Other shrubs Subtotal woodland source

shrubs

2015 135.40% NA NA NA NA 48.69 39.92 [21]
2015 258.14% NA NA NA NA NA NA [22]
2015 NA 187.11 NA NA NA 43.29 22.59 [23]
2014—2018  220.45% 179.89 6.41 34.15 18.70 52.84 13.56 [17]
2019 NA 197.35 7.02 NA NA 58.63 21.13 [18]
2020 137.14% NA NA NA NA 46.90 41.73 [21]

OIS B AR 15 0 M A 5 s QAR TRABR AT AT A 20 s G TR VS WL A M X 75 AP P PR AR b NA 7

ol
3.2 BRMEYE
3.2.1 PR A R

FE] ROl AN 5 8 45 SR B, 2014—2018 45 8] 4 [E ZR AR AL W Rk A 4 8.13 PeC (ML b AN R A4
RS HI N 6.39 PeC F1 1.73 PeC) 7 A IR AR AT MORIRE AR A ) S b ik 2 3 31 R 7.58 PeC.0.21 PeC
H10.34 PgC, F-HI A=Y T3 43 510 42.14 MgC/hm? 32.76 MgC/hm*H16.17 MgC/hm? . ZIIPAL 25T 4
FE 20 41.5 J7 4 [ 2 RE . (o ZRARBE L2 10 J5AS) Wl B | #4248 R 5 and bk A8 4 1 2206 ( [ R AR
FG TR AMAE P i, R B SR FH AT F- Bk AR ) AT 25 B MR B FE RN AT AR AR W i, SR T 220 26 W a8 P 4
FEMA Y g R AR TR RS T AR MRS IR A B SR AR LR A T 25 R A A -
a2 AR AL T T 4 T AP 40 5 0k ity i AV RIRG 23, 45 51 /R 2014—2018 4 (7] 4[5 F7 A M A: 1) STk £k 12
24 7.67 PeC, V344 W TRk % i 42.63 MgC/hm’*, #FFEI0 W | 3T 70 4F- 4 42 [ I AR AL 4 3 Bk i 12 28 A A
T 1 SRR P2 A8 B I B 2534, T3 1980 4F LUJG ZRMCRARAS DAFa ], ZRbR e L2 i 48 n , 7 AR Mk A: 9 5
ffit i A5 DL P Tang 5500 (1 0F 58 R 1 AG 4 2% ObK 1t BB 4 188.2 Mhm® (H: i A A1 8L 24 4.0
Mhm?) , ST TE 4 E G P EA T 7800 A FR MR # A A= 9 I JEAE LR L e PLAR 2, #04  RUIX
TR B AL A 1 BN T AT 2 S E MR S R Gerk g, TFoTah R R ™, 2011—2015 4[] 4 [ 2%
ROREATAR) AW At 8 10.35 PeC, 3494 Wy Bl i 55.91 MgC/hm® , B & F Bl SE T AR ARG IR
THA AT AR
322 FBRMAEY) s AR

AT 20 A7 f Hp E AR A 9 R i AT AR A R A PA 45 SR BRI AE 116.7—232.0 TgC/a Z (]2 CK[R|
FEERZIMNERBR(F2) . TR % B RAS L= A 1 2= AR, FU R R
A AT TR T R R AR AR A 2 AR AR A, A R BN BERR R < BRI e bR
A AL SRl ( LULUCK) ” [ SRR % ST B SRAG T 1994—2014 4 8]« — EARSS AR HE ™ 14 25 ) B
it A3 91.0 TeC/a, “ How ML Ak Jy b (b T B 0 ) 6 A 0 Tk it AT 3436 K 61.2 TeC/a,
TR 152.2 TeC/a, MR T AUE i X T v B AR A 9 R R i e 3 R B T AR W B AR, e
40.2%, Li %" Ik R 1977—2008 4[] Hh = ARpR AL 4 5k it 2 A 36 KA 50.4% S22 T AR E B A 38 i, Tt
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R A TARTE FR A B ;T R SR AR A fa B AT 60.49% U1 PR M4 AR B i B 4 e dst 2 25 0250 oo\ kil
20 A2 TR [ FRMR A W S me fih e 2 A B B SR

R2 HEZRNEYMRBEENREETUIHKFRER

Table 2 Literature results of forest biomass carbon stock and carbon stock change in China

i R B /P il BRI WAl SR
Period Areaz C stock ¢ dcnsnyz/ C stock change/ Methods Data source
Mhm (MgC/hm?) (TgC/a)

2001—2010 188.29 10.48 55.7 116.7 I [26—27]
2000—2009 NA 10.75 NA NA il [28]
2009—2013 164.6 6.81 41.4 142.0 i [29]
2009—2013 164.6 7.07 432 127.4 v [30]
2009—2013 164.6 7.27 445 141.7 v [31]
2009—2013 164.6 6.13 37.3 NA v [32]
2009—2013 164.6 7.38 44.8 149.1 v [33]
1994—2014 261.4% NA NA 152.2 111 [34]
2014—2018 179.9 7.58 42.1 NA 1 [17]
2014—2018 179.9 7.97 44.3 232.0 111 [31]
2014—2018 179.9 7.91 43.9 106.2 v [33]
2014—2018 271.3% 8.98 NA 151.8 111 [17]

COVPA 9 RV 75 AR QOVTA o R . TR ACHK bk WA B0 bR 1A BT s ROV 90 L 6L 98« TR A b A AR B A
P 5 B AR RS U R 0 VA 9 PR LA AR AR s NA 28 TS A 7 2o 1 B 4 5 4 2 0 B I T 10 8
BRSO (ESM) 5 110 B ARVEURI 255 0 A W ORI IV AR MRVEUR 255 2 A ) LR R T

Zhang %1% 36T 2R ARG IEIE A BOURITAG T 1999—2003 4E (8] Fl 2004—2008 4 i) v [ 774K 1) 4= ) S5 ik ik
MM 0.43 PeC H10.52 PeCAEMH K 1.8 TeC/a, 1Ml Guo 25" R RIREHHEIEAL 1 R3] b AT Ak A2 9
FEBRAH 43 5K 0.18 PgC Fl 0.30 PgC, AR MK 24.4 ToC/a, IR ST 022 4K, Zhang 25150 IR PFA T
1999—2003 4F-F1 2004—2008 ¥ [a] H [=] 3 A MR B A= 9 51 ke fiff 2 53 501 0.45 PgC Fll 0.53 PgC, 4F #3 K
16.0 TgC/a, 1M Fang %7 FY45 58 7R 2001—2010 47 ] o [ A 25 R 48 (TR 74.3 Mhm? ) A= 99 o 5 fih
290.71 PgC AFHE K 3.5 TeCra, HHTIPAL X5 G AITHI AN ] 35 1 TR 53 45 R 2 (B 4 T LU AN /i

BEAR , R Z AN MK (Trees Outside Forest, TOF) NG B AR DU SEHS5E  WAGEHF T —E 5= Ay
JER , Pan 2558 (45 B R 1977—1993 4E (8] [ TOF Ak 4 Bk i & 29 4 0.241—0.243 PgC , (HAEASfL AT
£70.01 TgC/a, Zhang % fili 11 2004—2008 4 [0 f1 [E] TOF = 4 ik fiti it 290 1.1 PeC, 4 B K i3k
14.0 TeC/a, LULUCF EZ R %= S AR 545 R 1994—2014 4 8] 1 [ TOF A& 9 Jo ik fif 1 4F 2 386 K
22.0 TgC/a"™ B JLIRRFE R ITA I BEAR IR, 205 5 0T LA 5 (9 — BRI 2 e T 3040 [ AL % 3
A=) DR At 5 1 DURIR o
3.3 BRMRIEA ML

FEMIEA ML ( Dead Organic Matter, DOM) G155 A & W ML A | & M S R G BB R4, P87%
P RNBCA (B At B o0 00 240 5 FRARAE S R G MR A Y 6% A 4% | X FRAK AL 25 2R Ge 45 # A 5 25 HoAT F 88
AIRZIR, H E ARAK DOM B fiti it AR L B F A 2, A e PE A . Peng 45 36T b AR Bk 1 Fn ok
F SCHik A 3869 NFEHLEHE PEAG T A [ ZR AR DOM Bk fif £ 29 4 0.697 PgC, F- X5k % & 4.6 MgC/hm’, Tang
SO PEAL T 2001—2010 4F ] E AR DOM BRfif 294 0.37 PeC, IR E 1.90 MgC/hm® , B fifs FAF 1548
L8 9.0 TeC/a, LULUCK [ S HR S M 5.0 4558 R 1994—2014 4E 18] b [H 2R AR DOM B fits fk 4F 148 fb it
4 21.76 TgC/a, Lun %5 PEAG T 1999—2008 4F i) H [E #R Ak DOM Bk it i 4 35 75 fk i 22.44 TeC/a, Zhu
SEPVPEAG T 2004—2008 AF (] [ ZRAK DOM AR A% 24 0.925 PeC, 149 8% 2 B 5.95 MgC/hm’, # L 1984—
1998 4 E AR AR DOM B fifi AR B3 6.7 TeCr/a, BMAINF, 0 E ARFR DOM B fifg 123 47 S 1EKok 34, X
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B v [ AR TR A B AR MRAE ) T e k1) A8 bt 38— 3
3.4 HMLIEA PR

— BN R, BRARER ) A DR & it LU S 32 PR B AR AR S ) T R )2 - 40 v A AL LA X L AR
B MR IR T AR B ZRARTE UM )2 SR EEAE AR 25 5, v [ AR bR - 384 DR it i 1) AS [ 9 285 SR
Z ) ERZ AT LR (3 3) . BRI, thE #RAK 0—100cm 1 J2 T 9 - 24 - 3304 BLK 25 1B 15 Bl 29 76 106. 16—
144.89 MgC/hm® Z [] 20773399780 - Yo A2 B 4[] + 3 A 7 sl B8 A SOk 0 R EAS 1 b [ AR R 2
FHECEIREE 17.3 em) WP PR 24 54.82 MgC/hm?,2000—2009 4 [i1] 1 [&] #R AR 2 -+ HERR £ 1t AH
Lt 1980—1989 AR [AIAEHIIEAN T 11.72 TgC/a, Li %5 ML 22 058 T 2000—2010 4+ [ ZR Ak 11
(0—20 em) A HLERAK T M 10.96 PgC HEHNZE 11.15 PgC, 4E M K ) 19.0 TgC/a, Yang %' HT 20 4
80 AFAR 1% 42 [ e A BCE 1 2000 AT J5 SCHERECHE B 81, SR AR 3248 19 07 A PEAL T 20 AR ] E ZRARR 2
+ 3 (0—10 cm) A7 HLER G FEAFE BN 31.87 TeC/a, it T LR I FT 45 . Fang 5577 ST 2R LA ML
BRAE 8 KR PP 2001—2010 4F (8] o [E #R k32 13 (0—20 em) A HLERAE R G T 37.6 TgC/a, LULUCF
I SR R AT B R R 1994—2014 4[] oy [ Ak b 438 (0—30 em ) A HLAR A AR B35 K 33.41 TeC/
a, H 2R Bl b 0 5Tk

x3 HERNTEGNHREERETLENIHARER

Table 3 Literature results of forest soil organic carbon stock and its change in China

) A ‘ e el o I
uE i R i o PR MR
Period Area/Mhm? Soil depth/cm C stock/PgC M L/h yz ) ) ( T Cl/ )g ’ Methods Data source
¢C/hm gC/a
1980—1989 249.32 0—17.3 13.67 54.82 NA 1 [42]
1980—2000 249.32 0—17.3 NA NA 11.72 1 [42]
1980—2000 159.49 0—10 NA NA 31.87% I [43]
1994—2004 261.4% 0—30 NA NA 33.41 1 [34]
2001—2010 188.2 0—20 NA NA 37.6 1 [27]
2000—2009 208.85 0—20 10.96 525 NA 1l [44]
2004—2014 195.89 0—20 10.32 52.7 NA v [45]
2010—2019 208.85 0—20 11.15 535 19.0% 11 [44]
1980—1989 249.32 0—100 34.23 137.3 NA 1 [42]
2000—2009 208.85 0—100 25.31 121.2 NA 1l [44]
2004—2014 151.55 0—100 21.96 144.89 NA v [39]
2004—2014 195.89 0—100 22.59 115.3 NA v [45]
2010—2019 208.85 0—100 26.06 124.8 75.0% 1l [44]
2011—2015 188.2 0—100 19.98 106.16 NA il [26]

COMRH 2% SC Tl FHT 1) 2R MR 536 ( 16.69% ) 40 B T B, AR 225 T 0 bk - M0 LS 75 5 A 4144075 e it e D0 6K T BELAR 515 )34 31 Pl
FEFT AR ATIR PRI AR 8308 9 ACBR AR A bR b A5 s AR % 3 2000—2009 41 [H] F 2010—2019 4R [R] () #RbK + 3847 LB A 22 2531
BARE] 10 AR THGAEAE AR AN I 3 1. A - S A R AS 25 SCIRACHE A 7359 1 AT U 2 S H S 1 4 [ 3 2 B £ SOk
1 VR A2 40 5 T 4 [ % 2 B2 4 SCHRACH , DL 0 5TV SCHREIHR 1734 400 Lg% B B HL A Ak
3.5 Ry= SR

KA AT i (HWP ) A7 0 T LURAE K B TE] S ER T HWP 9 e & R s il 754, il ]
FRELFRARZ S R AR Y IRE K Ay HWP o], s 28K HWP {5 25 i I i s [l A1 F ) mp
DI B3 I HWP ik fiff i, A3 BF 58 R W] 2015 4F 42 Bk HWP ¥Rl i 29 91.43 TgC/a, Hrh v E 25 0
40.98 TgC/a" ", 2000 4F- LUK HWP fijcfiff e 5t sl Kt 3 X 2R R E LA WTO J5 52t 7 25k 1
VB A Bl B S, HWP F 11 8 R i 3 79700 1990s 4 AR [ HWP Bk fif B 4E S 8 b B 4 6. 16—
11.73 TgC/a"™ " ;20005 4F AU 4F 2 3 K 2 16. 71—25. 10 TgC/a™ ', 2010—2016 4F [A] #4 K £ 40. 98—
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70.98 TgC/a >3 | HEFEiR I, 2016 4F o [H 3 11 HWP 6% A% 38 K 5 81 7 = HWP B ff 2 38 K
i) 46% ),
3.6 TEBMESRS MRS

T 3 A AT A P R AR AR i S AR A B ST 45 SR 3T 20 4F K e [ R AR AR 4 BB A 1 RO |
i W I YIRE (K 2) o 1999—2018 4[], i [ TR A AT MRIREE AR AE P 0T o £ kA1 2438 K 4 Sl
F](145.9+38.3) TgC/a . (13.1£16.0) TgC/a F1(9.8+8.8) TeC/a( & 3) ; FRM/E B R G, £ ¥ i . DOM Fil SOC
TR AR 1 K 20 )l (168.8+£42.4) TgC/a ., (12.5+8.1) TgC/a F1(26.7+10.9) TgC/a (&l 4) , 73 5 & 1
81.1% .6.0% 1 12.8% . 1999—2018 4F[H] , H[E ZR KA 25 22 40 S B it B AR B39 K (208.0244.5) TeC/a (K 5)
A2 T bR KR AR (762.0£163.2) TgCO,-eq/a; FRMAEZS R G2 AN A U= dh (HWP) FH B AR
(TOF ) fie i B A4 AN A 7350 09 (49.0£15.1) TgC/a MI(12.0£11.1) TgC/a( B 5) , 70 3R 5 T BROR T %4k
Wk (179.7£55.5) TgCO,-eq/a F1(44.0+40.8) TgCO,-eq/a.,
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Fig.3 Literatures estimated biomass carbon stock in different
forest types in China during 1999—2018
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Kauppi 45 %) 17— ] 0. T17.75 1 06 42 15 e 40 AR B A9 Tk 2 5525 B30 9 X BUAR MR 1, Fang
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M=AXxD (5)
din(M) _dIn(4) . dIn(D)
& A (6)

%o, M AR AR A B (PC) SE R (m’) , A AR FL (hm?) |, D R MR JE (MgC/hm* ) BLHLA]
A ) S DD gy s et ek B AR R
A7 TR S AR R ST 0] ¢ ()28 3R

IPCC EFKIRE A AR RS RHE B R (AC) F AT sh /K 45 -5 HEs R F i e B

AC =AD x EF (7)

1 AD R BKF KRS B HE T 75 0 LA $e AR TR bR | S0 DX A5 R 43 1 AR AR TR s EF R HE
TR, St BRI T A 5 11T 5 0T LA Ay B T L g 1 i i R i i HIE o %

PRI, X A Y %) TP B T, T 76 X R T R Ak LA R B4 T R T e 3 3R () DA AT, Herp
[ e 3 1) L BT T B B AR AR T R R
4.1 P E AR AR R T

Hh i B 22 il 5 T 51 2035 AF ZR A 35 R A ] 26% 9 H AR, XA 24 T 2 AR AR IR AL LY 29.2 Mhm* P
FEGE T, 4 W AE BRI b 4% 2500 A TR AR B3 T 24 52.4 Mhm?® , Hih 2 349% 20 A 1E N 52, 29% /- A 7E v b
AKX TR TR B R A TE 3R LB AR bR A s BRI AR DRI I R A H AR B K
Zhang 2558 36 oy [ K AR TGS B9 A FRAE , SR FAMLER AR 7 20 O g B0 T S A8 AL 75 5= T 31 2070s 4 [
VAR I B AR IX T UK IR E 33.1 Mhm®, Cai 4558 1) FH 4 BR R MG B o0 A0 X8 | 8 Bl s ) g
Iy PER AR T 35 R U R ke 4 [ b A 3 B AR AR A A L RO B AR %) - i 1w B 2
5.9 Mhm?® , AR BRARUEAE 5373 305 FUPE R I MO B 35 25 09 T b T AR 29 29.9 Mhm? | 11 AR MRS 76 43 73 3 HPE AR
HL AR B & 1) - AR 52.4 Mhm®

PUA BT E] 2050 4FH [ TR AR AL FRI7E 195.79—249.76 Mhm?® P29 SE1524(218.55+19.51)
Mhm®, BRFEAMSIN, Qiu Z5 VIR T 2050 4F 7 8 2 B AR A7 MR AT AR B4 T ALHE 4 531 14 51 24.66 Mhm” |
7.44 Mhm*F1 64.08 Mhm? , ZRAK 3 1 A8 145 3] 293.56 Mhm?, Hu 2517 #1313 2050 4F A [ 25 bk i FH 4 3
272.27 Mhm® | ZR B 35 R 155 28.4%, Huang 45 M HT 2060 4FH [ £ AR AU £ 2020 4F 220.57 Mhm®
(LAY T PR3N 47 Mhm® | 353 267.57 Mhm® B 37X H BRI AU RV 1 WA T2 3R B AN 1
U BI#E 242.25—293.56 Mhm® Z [i] , 3X B MR A AH LE T 2020 4R FFZEH4S 21.80—73.11 Mhm®,
4.2 P EI AR AROMCRI % Rk i ek 7 A T
4.2.1  FRARAE i

A 5T AR ARARB Ay 12t 28 Ak 1) TR ATF 5% 5 0 5 T T AMRA: W i 122, T/ B - 3 BE AT AL i
JE XA AR R E AR B A 5T, T RO AE W S R T L T A E R A A By R
( Biomass Expansion Factor, BEF) i 5 6 Hafiqs 5177 i I AWK ES R 0 A Kk R ) A2 B ol BAE S8
WY | G 2 BRGSO, LRI R 5 2 ST AR I, MO R S R
BE T[] 2 A= AR Ak, PRk — SR 5 30 Ao A AR S A 5 S0 TN A R AR B K it AT A T A R R
AR B o B 5 1 RNt Ak, 9120, Xu 261 R Logistic 2B K M2 T 4 36 /> 322k Fh A R Ak 2 Y

MAREHE (m’/hm®)
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A e A AR Qi 251 S N MR B AR AT A MR LA B 1 S DR 3R ) A A T 4SS R e A 4
MABEBAERK BN, He 57 T MAMB KA R EE (B, ) JRA KR (vo,) FIBRES S5 74 H
T E MR B A e A KRR Tian 260 ML R S B, T R BT AR R SRR E
AR E S P | A58 SRS 2 B I O DG 3R | TR 18 AR TN A5 A8 A 17 S5 R T A SR AR AR AR
Ko FAE Y b AR Yao 58 WGTRLRE WK S50 R il AR 3K 3 A4 2 40 i T ASE R, DA I Ak
U RS A T R A ) o Tt i 722 Ak ) 52

— ORI 5 L T B MEAR T AR T AR TE A SR DR A5 AN 728 A A 15, 8 ol 3000 A AR AR (A W i B4R ) o itk 2
JE ) BEARWS () A2 Ak >R P00 A S B B R TR AP A: ) o e 25 B 2B ) o i 15 B ARk it (18] 6) A —SEAfF 5T
P T AT ARG G SR AEA TR (& 7) , PR 50 R TN 25 S AN s PERRER AN IR A R 45 2R
Z )25 Sl A K TS AN [R) S0 A ) R AT AR R T RRUAS [] (L T 235 SR 345 i 7 o [ A SR e AR A= ) o il
5 B A it et St B A T3 py R 3 IR RR A R PRI TIBE . 285 /AT Bl 6 R 7 mh i SCHER Pt 45 51, &
oK 2040—2049 4F- 42 [E TR AT 35 A Wy ik e 2 B 35 5] (58.72+10.50) MgC/hm? | TR AMRAE Wy o e fih F2 445 35 31
(12.58+1.99) PgC, TEMFY HEIRBLIE 5t T IR AMAE Yy Fh fifi 1 2] 2020—2029 424 (171.9£60.5) TgC/a,
2030—2039 424 (155.7+58.8) TgC/a,2040—2049 4244 (146.9£57.7) TgC/a, A FRFT ARMRA Y ik i e
AEAR Ak A B IS ] 17T TS B3 AR A 34, 3k 3258 AT A R T 22 BOH 90 5 T AR 728 Ak ke A T T 17T A R Bt o AR 1
K, BB RIT O TR A7 HORE 380, TR AR MO 2 A4 KR S il R R ZE 8 A5 R Xu O 4 R
N, TR ACRRA: B S fids AR AR AL B A 2020 4E SR 4E R, Tl Zhang 250 1 Cai 2508 I T v [ 77 A Ak
He W B it A AR AL R 2R 2030—2035 AERTE A BIEAE , 2 5 B T 5 TRk
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Fig.6 Literatures predicted biomass carbon density, biomass carbon stock and biomass carbon stock change of the arbor forests in China
during 2020—2050 under the arbor area remaining unchanged scenarios

BCD: A=Wk % Biomass carbon density; BCS: A4 Fifikfif i Biomass carbon stock; BCSC ; A% Fifffifh it 48 1k Biomass carbon stock change
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Fig.7 Literatures predicted biomass carbon density, biomass carbon stock and biomass carbon stock change of the arbor forests in China

during 2020—2060 under the arbor area expansion scenarios

6.69 PeC , " AEAS AL i TR AT 45055 (0.52—0.60 PgC) | Tfi CO,¥& BE 3 NfE 5Tk 1.68—3.12 PgC, Cai %% I
Huang %' (T 45 Rt R AR SBEAE 5 A ok v [ b AR 0 IR B i 19 22 5+ R K. Huang 251 3890
Sk, 38 3 R H AR 1) A ST DL S B TR ok i AR AR AR W AR [ Rk O, 7E RCP4.S 15t T H A% 5 1) 45 HM
fif 2050s H [ ZRARA: 1) JFAE [ ik DAL VE S 5210 189.3 TgC/a #ET1E 253.1 TgC/a, ik (5 His# 25.2%,
4.2.2  FRARAIERR A

Zhang 51 BTN 5T % 8 T AR A TR L SRR A B 0078 Ak, AN RIS 55T Hh R ARbR b e it AR AR fh e
M 1990 4EY 18.41TgC/a ZEBHEK-F] 2050 4E 14 21.07—29.07 TeC/a Zidi, Cai 2518 F5iH7E A 7] 4 A7 bk AR
PR FCT,2055—2060 A [i1] rft L ARAR - 98 e it et 45 A8 Ak Sk 1R 1) 30—167 TeC/a, 1T H# & AR HTH +
HERRAE R T RORAS S A B 5 A TR T . Huang 251 BF 55Ny, AR 1% 56T ob [ 2Rk L e amefids 1
AEARAL K A 2010—2019 4E[A] 1) 68.5 TgC/a 34 il 2050—2059 4E 1] 1Y) 67.4—96.5 TgC/a, SHi LR
1999—2018 4F [i] H [ R Ak I ms il AF AR L FE 29 (26.7£10.9) TeC/a( [ 2) A H , X I 28 %t T Hb [ ZfAk 1
St fith B2 70 A 19 TR 245 SR B S 5 4

5 #itERE

5.1 P EFRARBIC IR
AT BRI 10 452k 56 v ] 2R A R R fi 28 AL R 52 SCRR | 1999—2018 4[] v [ FR k2
BRG RBRAE EAE R KRR H (208.0+44.5) TeC/a, 124 T3 B K S ALHR (762.0+163.2) TgCO,-eq/a.,
HOR R W) B s i AR G K (168.8+42.4) TgC/a (o AR 25 R GEffift i AR X B AL 1Y 81.1%) , FRARIE
ﬁffmﬁ( DOM ) F1 + 347 WL (SOC) fifs it 43 BIAE Y K (12.5+8.1) TeC/a F1(26.7£10.9) TgC/a, Mo, BibkA:
BRGZHMIAR B i (HWP ) FIHE MO (TOF ) B fif 1t 4F 738 Jin it 4335124 (49.0+15.1) TgC/a FI(12.0+
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11.1) TgC/a, 53 AR 24 T B KR 8RR (179.7+55.5) TgCO,-eq/a F1(44.0+40.8) TgCO,-eq/a,
5.2 hERRREICE T

o AR ARBI W ) TN A5 32 BN B T ARARAE W B fidt 15 128k . AEASRTR AR A 1 =R, vh
B T AR WA 0 o e i i A A8 Ak K 7E 2030 AR R I8 BN ME (171.9260.5) TeC/a, Z J5 B 2 T Bt 3,
2050 LR (146.9+57.7) TeC/a, A RSMGEARANT Hf = BRAR A 4 S5 0 it 2k 1140 5 Ml AN A, (L3 e SR B H A 52 1)
ERRAT DL 2 BT ARk v [ MR A P A [ e it . AR RSB E S AR AR Y 85 5 R, o E AR AR L
Wi f AR 4728 A TE 2050—2059 4R [EPBF A F 21.1—167.0 TgC/a, 124 (64.8+36.6) TeC/a, f5E B Tl
BHERIPTAR R B MUTTRR A% A8 b R SRR HFHE 1999—2018 4E 7K, £ 2050—2059 4[] H [ ZR Ak A=
ARG AT AR K TR H] (247.0+71.2) TeC/a, 24 F 1 B KA 4Bk (905.2+£260.8) TeCO,-eq/a, {H
AT E R
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AP ZE 22 W, Peng 57 3 BRI T 3 AR ARISTU 43205 AN 3 s ) 4 {8 )7 12 K PEAY 2004—
2014 48] H [ FRpR A A5 R Gutik it i, 25 R Won 6 RO iR PRA &5 R AR S R EE 5.0% A4, H B2 AL
WIn 25
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A S A X ARARBRAL VRS 3 1 5 0 AN DR 28380 (LR 5 A7 A DX ) o sl AR PR B 2 [B] 1) 22 50 I 1 AS 4 v
AT BRAIIE . AR N R BRARBRAC VS WA 0 2 S THRCR . i, He Sl bRk iR A8
MR EA S (Y B BRAL A " 5 EE 1 A 8 1 S RS Aol vl L S AR [ B e 2 5 U A A 8
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72%" BRARREBRIE I AR B E R, AR RTHE N R EGE 54 NIRRT A e R
7 i e S PR FH 55 22 £ BE A AR MR A S R GE e T, Dy SE B P ) 2060 4F A B A1 75 K HARAE H B
AN TR

S % 3L HK ( References)

[ 1] United Nations. United nations framework convention on climate change. 1992. [ 2022-01-08 ]. https://unfcce. int/files/essential _background/
background_publications_htmlpdf/application/pdf/ conveng. pdf.

[ 2] United Nations. Kyoto protocol to the United Nations Framework Convention on Climate Change. 1998. [ 2022-01-08 ]. https://unfccc. int/sites/
default/files/resource/ docs/ cop3/107a01. pdf.

[ 3] United Nations. Paris Agreement. 2015.

[ 4] Glasgow Leaders’ Declaration on Forests and Land Use. 2021. [ 2022-01-08]. https://unfcce.int/sites/ default/files/ english_paris_agreement. pdf.

[ 5] Fankhauser S, Smith S M, Allen M, Axelsson K, Hale T, Hepburn C, Kendall ] M, Khosla R, Lezaun J, Mitchell-Larson E, Obersteiner M,
Rajamani L, Rickaby R, Seddon N, Wetzer T. The meaning of net zero and how to get it right. Nature Climate Change, 2022, 12(1) . 15-21.

[ 6] Ogle SM, Kurz W A. Land-based emissions. Nature Climate Change, 2021, 11(5) ; 382-383.

[ 7] Grassi G, Stehfest E, Rogelj J, van Vuuren D, Cescatti A, House J, Nabuurs G J, Rossi S, Alkama R, Vifias R A, Calvin K, Ceccherini G,
Federici S, Fujimori S, Gusti M, Hasegawa T, Havlik P, Humpendder I, Korosuo A, Perugini L, Tubiello F N, Popp A. Critical adjustment of
land mitigation pathways for assessing countries’ climate progress. Nature Climate Change, 2021, 11(5) ; 425-434.

[ 8] [IPCC. Guidelines for national greenhouse gas inventories, prepared by the national greenhouse gas inventories programme. IGES, 2006.

[ 9] FAO. Global forest resources assessment 2020-Key findings. 2021.

[10] Klein Goldewijk K, Beusen A, Doelman J, Stehfest E. Anthropogenic land use estimates for the Holocene-HYDE 3.2. Earth System Science Data,
2017, 9(2) : 927-953.

[11] Pan Y D, Birdsey R A, Fang J Y, Houghton R, Kauppi P E, Kurz W A, Phillips O L, Shvidenko A, Lewis S L, Canadell J G, Ciais P, Jackson
R B, Pacala S W, McGuire A D, Piao S L, Rautiainen A, Sitch S, Hayes D. A large and persistent carbon sink in the world’s forests. Science,
2011, 333(6045) : 988-993.

[12] Friedlingstein P, O'Sullivan M, Jones M W, Andrew R M, Hauck J, Olsen A, Peters G P, Peters W, Pongratz J, Sitch S, Le Quéré C, Canadell
J G, Ciais P, Jackson R B, Alin S, Aragdo L E O C, Arneth A, Arora V, Bates N R, Becker M, Benoit-Cattin A, Bittig H C, Bopp L, Bultan
S, Chandra N, Chevallier F, Chini L P, Evans W, Florentie L, Forster P M, Gasser T, Gehlen M, Gilfillan D, Gkritzalis T, Gregor L, Gruber
N, Harris I, Hartung K, Haverd V, Houghton R A, Ilyina T, Jain A K, Joetzjer E, Kadono K, Kato E, Kitidis V, Korshakken J I, Landschiitzer
P, Lefevre N, Lenton A, Lienert S, Liu Z, Lombardozzi D, Marland G, Metzl N, Munro D R, Nabel J E M S, Nakaoka S T, Niwa Y, O'Brien
K, Ono T, Palmer P I, Pierrot D, Poulter B, Resplandy L, Robertson E, Rédenbeck C, Schwinger J, Séférian R, Skjelvan I, Smith A J P,
Sutton A J, Tanhua T, Tans P P, Tian H Q, Tilbrook B, van der Werf G, Vuichard N, Walker A P, Wanninkhof R, Watson A J, Willis D,
Wiltshire A J, Yuan W P, Yue X, and Zaehle S. Global carbon budget 2020. Earth System Science Data, 2021, 12, 3269 - 3340.

[13] Harris N L, Gibbs D A, Baccini A, Birdsey R A, de Bruin S, Farina M, Fatoyinbo L., Hansen M C, Herold M, Houghton R A, Potapov P V,
Suarez D R, Roman-Cuesta R M, Saatchi S S, Slay C M, Turubanova S A, Tyukavina A. Global maps of twenty-first century forest carbon fluxes.
Nature Climate Change, 2021, 11(3): 234-240.

[14] Wang HM, Jiang F, Liu Y, Yang D X, Wu M S, He W, Wang J, Wang J, Ju W M, Chen J M. Global terrestrial ecosystem carbon flux inferred
from TanSat XCO2 retrievals. Journal of Remote Sensing, 2022, 2022, 1-12.

[15] Tubiello F N, Conchedda G, Wanner N, Federici S, Rossi S, Grassi G. Carbon emissions and removals from forests: new estimates, 1990 - 2020.
Earth System Science Data, 2021, 13(4): 1681-1691.

[16] @EARNFREWFEG2. PRI ERMAE. 2020.

(171 EZEMLAEER. o E RGBS (2014—2018) . Jbnt. HEBOL S AR, 2019.

http ; //www.ecologica.cn



9 #A REE P EHERAESREBICIR ST 3455

(18] HARVEIRHS. 5 = kAR E I8 A 3 550 sUR & A, (2021-08-26) [ 2022-01-08]. http://www. mnr. gov. cn/dt/ywhb/202108/120210826 _
2678337.himl

[19] “FEE - FEERERBEARZ 2. TD/T 1044-2014 A 77500 H -1 8 RIGUORE. dbat. S ERET L, 2014.

[20] 4FE AREHES E 2 R bR ER T R ZE 514, GB/T 21010-2017 + A HBELRSYZE. dbat. o bR R, 2017,

[21] o EBABEROEI RN S EAE TG ob E A R R R W UEAE. [ 2022-04-08 1. https ://www.resde.cn/Datalist]. aspx

[22] Liu H, Gong P, Wang J, Clinton N, Bai Y Q, Liang S L. Annual dynamics of global land cover and its long-term changes from 1982 to 2015.
Earth System Science Data, 2020, 12(2) ; 1217-1243.

[23]  FEARVEIETR. 4= AN AT+ b A BRI [ 2022-04-10]. https://tdde.mnr.gov.cn/

[24] ZRigZs, TRUNA, WA, ST BpRas & ORhey v E AR BB At . MOl B2, 2011, 47(7) . 7-12.

[25]
[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]
[35]

[36]

[37]

[38]

[39]

[40]
[41]

[42]

[43]

[44]

[45]

[46]

KR, ERE. 2 ERARETEY R BBy, hEREE . AR, 2021, 51(2) : 199-214.

Tang X L, Zhao X, Bai Y F, Tang Z Y, Wang W T, Zhao Y C, Wan HW, Xie Z Q, Shi X Z, Wu B F, Wang G X, YanJ H, Ma K P, Du S,
LiSG, HinSJ, MaYX, HiHF, He NP, Yang Y H, Han W X, He HL, Yu G R, Fang J Y, Zhou G Y. Carbon pools in China’s terrestrial
ecosystems: new estimates based on an intensive field survey. Proceedings of the National Academy of Sciences of the United States of America,
2018, 115(16) ; 4021-4026.

FangJ Y, Yu GR, Liu L L, Hu S J, Chapin F S III. Climate change, human impacts, and carbon sequestration in China. PNAS, 2018, 115
(16) : 4015-4020.

Yao Y T, Piao S L, Wang T. Future biomass carbon sequestration capacity of Chinese forests. Science Bulletin, 2018, 63(17); 1108-1117.
SR, EEE, A2, S 1949—2018 4R [E ZRAR BT IR B i i AR AL ST, bRl K224l , 2021, 43(5) : 1-14.

Liu WW, LuF, Luo Y J, Bo W J, Kong L Q, Zhang L, Liu B J, Ouyang Z Y, Wang X K. Human influence on the temporal dynamics and
spatial distribution of forest biomass carbon in China. Ecology and Evolution, 2017, 7(16) : 6220-6230.

Zhao M M, Yang J L, Zhao N, Liu Y, Wang Y F, Wilson ] P, Yue T X. Estimation of China's forest stand biomass carbon sequestration based on
the continuous biomass expansion factor model and seven forest inventories from 1977 to 2013. Forest Ecology and Management, 2019, 448.
528-534.

2T, REAE R, ORI E BRI AR A i B By . SR AL SE I, 2018, 14(3) ; 287-294.

Zhao M M, Yang J L, Zhao N, Liu L, Du L, Xiao X M, Yue T X, Wilson J P. Spatially explicit changes in forest biomass carbon of China over
the past 4 decades: coupling long-term inventory and remote sensing data. Journal of Cleaner Production, 2021, 316: 128274.

R LN A AR S R BIAE BB, 2019. hitps ://unfece.int/ documents/ 197666.

Li P, Zhu J, Hu H, Guo Z, Pan Y, Birdsey R, Fang J. The relative contributions of forest growth and areal expansion to forest biomass carbon.
Biogeosciences, 2016, 13(2) : 375-388.

Zhang C H, Ju WM, Chen J M, Zan M, Li D Q, Zhou Y L, Wang X Q. China’s forest biomass carbon sink based on seven inventories from 1973
to 2008.Climatic Change, 2013, 118(3/4) . 933-948.

GuoZ D, HuHF, LiP, LINY, Fang J Y. Spatio-temporal changes in biomass carbon sinks in China’s forests from 1977 to 2008. Science China
Life Sciences, 2013, 56(7) : 661-671.

Pan Y D, Luo T X, Birdsey R, Hom J, Melillo J. ‘new estimates of carbon storage and sequestration in China’S forests: effects of age-class and
method on inventory-based carbon estimation’.Climatic Change, 2004, 67(2/3) : 211-236.

PengS L, Wen D, He NP, Yu G R, Ma A N, Wang  F. Carbon storage in China’s forest ecosystems: estimation by different integrative
methods. Ecology and Evolution, 2016, 6(10) ; 3129-3145.

Lun F, Li W H, Liu Y. Complete forest carbon cycle and budget in China, 1999-2008. Forest Ecology and Management, 2012, 264 81-89.
ZhuJ, Hu H, Tao S, Chi X, Li P, Jiang L, Ji C, Zhu J, Tang Z, Pan Y, Birdsey R A, He X, Fang J. Carbon stocks and changes of dead
organic matter in China's forests. Nature Communications, 2017, 8. 151.

Xie Z B, Zhu J G, Liu G, Cadisch G, Hasegawa T, Chen C M, Sun H F, Tang H Y, Zeng Q. Soil organic carbon stocks in China and changes
from 1980s to 2000s. Global Change Biology, 2007, 13(9) . 1989-2007.

Yang Y H, Li P, Ding J Z, Zhao X, Ma W H, Ji C J, Fang J Y. Increased topsoil carbon stock across China’s forests. Global Change Biology,
2014, 20(8) ; 2687-2696.

LiHW, WuY P, LiuS G, Xiao J F, Zhao W Z, Chen J, Alexandrov G, Cao Y. Decipher soil organic carbon dynamics and driving forces across
China using machine learning. Global Change Biology, 2022, 28(10) ; 3394-3410.

XuL, YuGR, He NP, Wang Q F, Gao Y, Wen D, Li S G, Niu S L, Ge J P. Carbon storage in China’s terrestrial ecosystems: a synthesis.
Scientific Reports, 2018, 8(1): 1-13.

Pilli R, Fiorese G, Grassi G. EU mitigation potential of harvested wood products. Carbon Balance and Management, 2015, 10(1) : 6.

http ; //www.ecologica.cn



3456 JAE = 43 %

[47]

[48]

[49]

[50]

[51]
[52]

[53]

[54]

[55]
[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]
[65]

[66]

[67]

[68]

[69]

[70]

Johnston C M T, Radeloff V C. Global mitigation potential of carbon stored in harvested wood products. Proceedings of the National Academy of
Sciences of the United States of America, 2019, 116(29) . 14526-14531.

Brunet-Navarro P, Jochheim H, Muys B. The effect of increasing lifespan and recycling rate on carbon storage in wood products from theoretical
model to application for the European wood sector. Mitigation and Adaptation Strategies for Global Change, 2017, 22(8): 1193-1205.

Yang H Q, Zhang X F, Hong Y X. Classification, production, and carbon stock of harvested wood products in China from 1961 to 2012.
BioResources, 2014, 9(3): 4311-4322.

Zhang LY, Sun Y K, Song T Y, Xu J Q. Harvested wood products as a carbon sink in China, 1900—2016. International Journal of Environmental
Research and Public Health, 2019, 16(3) . 445.

FE, LA, TR H P EUR O™ Sk ik SO HE I AR 252441, 2009, 29(1) : 399-405.

Zhang X B, Yang H Q, Chen J X. Life-cycle carbon budget of China’s harvested wood products in 1900-2015. Forest Policy and Economics, 2018,
92. 181-192.

Fang J Y, GuoZ D, Hu H F, Kato T, Muraoka H, Son Y. Forest biomass carbon sinks in East Asia, with special reference to the relative
contributions of forest expansion and forest growth. Global Change Biology, 2014, 20(6) : 2019-2030.

Kauppi P E, Ausubel J H, Fang J Y, Mather A S, Sedjo R A, Waggoner P E. Returning forests analyzed with the forest identity. Proceedings of
the National Academy of Sciences of the United States of America, 2006, 103(46) : 17574-17579.

EFRRUCEE, AT, (2FEEASRE R AEZ 5 R TR SRR (2021—2035 47) ). 2020.

Zhang L, Sun P S, Huettmann F, Liu S R. Where should China practice forestry in a warming world? Global Change Biology, 2022, 28(7) :
2461-2475.

McVicar T R, Li L T, van Niel T G, Zhang L, Li R, Yang Q K, Zhang X P, Mu X M, Wen Z M, Liu W Z, Zhao Y A, Liu Z H, Gao P.
Developing a decision support tool for China’s re-vegetation program: Simulating regional impacts of afforestation on average annual streamflow in
the Loess Plateau. Forest Ecology and Management, 2007, 251(1/2) : 65-81.

Cai WX, HeNP, LiMX, XuL, Wang LZ, Zhu J H, Zeng N, Yan P, Si G X, Zhang X Q, Cen X Y, Yu G R, Sun O J. Carbon sequestration
of Chinese forests from 2010 to 2060 spatiotemporal dynamics and its regulatory strategies. Science Bulletin, 2022, 67(8) : 836-843.

Ahrends A, Hollingsworth P M, Beckschifer P, Chen H F, Zomer R J, Zhang L B, Wang M C, Xu J C. China’s fight to halt tree cover loss.
Proceedings Biological Sciences, 2017, 284(1854) : 20162559.

Gong P, Liu H, Zhang M N, Li C C, Wang J, Huang H B, Clinton N, JiLY, Li WY, Bai Y Q, Chen B, Xu B, Zhu Z L, Yuan C, Ping Suen
H, Guo J, Xu N, Li W J, Song L. C. Stable classification with limited sample: transferring a 30-m resolution sample set collected in 2015 to
mapping 10-m resolution global land cover in 2017. Science Bulletin, 2019, 64(6) : 370-373.

Sexton J O, Song X P, Feng M, Noojipady P, Anand A, Huang C Q, Kim D H, Collins K M, Channan S, DiMiceli C, Townshend J R. Global,
30-m resolution continuous fields of tree cover: Landsat-based rescaling of MODIS vegetation continuous fields with lidar-based estimates of error.
International Journal of Digital Earth, 2013, 6(5) . 427-448.

Hansen M C, Potapov P V, Moore R, Hancher M, Turubanova S A, Tyukavina A, Thau D, Stehman S V, Goetz S J, Loveland T R,
Kommareddy A, Egorov A, Chini L, Justice C O, Townshend J R G. High-resolution global maps of 21st-century forest cover change. Science,
2013, 342(6160) : 850-853.

Xu B, Guo Z D, Piao S L, Fang ] Y. Biomass carbon stocks in China’s forests between 2000 and 2050 a prediction based on forest biomass-age
relationships. Science China Life Sciences, 2010, 53(7) . 776-783.

Zhang X Q, Xu D Y. Potential carbon sequestration in China's forests. Environmental Science & Policy, 2003, 6(5) : 421-432.

Qiu Z X, Feng Z K, Song Y N, Li M L, Zhang P P. Carbon sequestration potential of forest vegetation in China from 2003 to 2050 predicting
forest vegetation growth based on climate and the environment. Journal of Cleaner Production, 2020, 252: 119715.

Zhang C H, Ju W M, Chen J M, Fang M H, Wu M Q, Chang X L, Wang T, Wang X Q. Sustained biomass carbon sequestration by China’s
forests from 2010 to 2050. Forests, 2018, 9(11) : 689.

Hu H F, Wang S P, GuoZ D, Xu B, Fang J Y. The stage-classified matrix models project a significant increase in biomass carbon stocks in China’
s forests between 2005 and 2050. Scientific Reports, 2015, 5: 11203.

Huang Y, Sun W J, Qin Z C, Zhang W, Yu Y Q, Li T T, Zhang Q, Wang G C, Yu L F, Wang Y J, Ding I, Zhang P. The role of China’s
terrestrial carbon sequestration 2010 - 2060 in offsetting energy-related CO2 emissions. National Science Review, 2022 nwac057.

Tian H L, Zhu J H, He X, Chen X Y, JianZ J, LiCY, Ou Q X, Li Q, Huang G S, Liu C F, Xiao W F. Using machine learning algorithms to
estimate stand volume growth of Larix and Quercus forests based on national-scale Forest Inventory data in China. Forest Ecosystems, 2022,
9: 100037.

Tian H L, Zhu J H, JianZ J, Ou Q X, He X, Chen X Y, LiC Y, Li Q, Liu HY, Huang G S, Xiao W F. The carbon neutral potential of forests

http ; //www.ecologica.cn



9

Rt P ERMES R IR S 3457

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]
[80]

[81]

[82]

in the Yangtze River economic belt of China. Forests, 2022, 13(5) . 721.

He NP, Wen D, Zhu J X, Tang X L, Xu L, Zhang L., Hu H F, Huang M, Yu G R. Vegetation carbon sequestration in Chinese forests from 2010
to 2050. Global Change Biology, 2017, 23(4) . 1575-1584.

Hong S, Yin G, Piao S, Dybzinski R, Cong N, Li X, Wang K, Pefiuelas J, Zeng H, Chen A. Divergent responses of soil organic carbon to
afforestation. Nature Sustainability, 2020, 3(9) : 694-700.

Lai L, Huang X J, Yang H, Chuai X W, Zhang M, Zhong T Y, Chen Z G, Chen Y, Wang X, Thompson J R. Carbon emissions from land-use
change and management in China between 1990 and 2010. Science Advances, 2016, 2(11): e1601063.

Guo Z D, Fang ] Y, Pan Y D, Birdsey R. Inventory-based estimates of forest biomass carbon stocks in China: a comparison of three methods.
Forest Ecology and Management, 2010, 259(7) . 1225-1231.

Zhang C H, Ju W M, Chen J M, Li D Q, Wang X Q, Fan W Y, Li M S, Zan M. Mapping forest stand age in China using remotely sensed forest
height and observation data. Journal of Geophysical Research: Biogeosciences, 2014, 119(6) : 1163-1179.

Xu CY, Turnbull M H, Tissue D T, Lewis J D, Carson R, Schuster W S F, Whitehead D, Walcroft A S, Li J B, Griffin K L. Age-related decline
of stand biomass accumulation is primarily due to mortality and not to reduction in NPP associated with individual tree physiology, tree growth or
stand structure in a Quercus-dominated forest. Journal of Ecology, 2012, 100(2) . 428-440.

He L M, Chen J] M, Pan Y D, Birdsey R, Kattge J. Relationships between net primary productivity and forest stand age in US forests. Global
Biogeochemical Cycles, 2012, 26(3) . GB3009.

Pan Y, Chen J M, Birdsey R, McCullough K, He L, Deng F. Age structure and disturbance legacy of North American forests. Biogeosciences,
2011, 8(3): 715-732.

XA, w i, FHE, THH:, XK. T ARG A LR A3 [ R e s ). AR SA, 2019, 39(11) : 4002-4010.
Zhang H, Zhou G M, Wang Y X, Bai S B, Sun Z B, Berninger F', Bai Y F, Penttinen P. Thinning and species mixing in Chinese fir monocultures
improve carbon sequestration in subtropical China.European Journal of Forest Research, 2019, 138(3) . 433-443.

He YJ, QinL, LiZ Y, Liang X Y, Shao M X, Tan L. Carbon storage capacity of monoculture and mixed-species plantations in subtropical China.
Forest Ecology and Management, 2013, 295, 193-198.

Wang W J, LuJ L, DuHJ, Wei C H, Wang HM, Fu Y J, He X Y. Ranking thirteen tree species based on their impact on soil physiochemical
properties, soil fertility, and carbon sequestration in Northeastern China. Forest Ecology and Management, 2017, 404 . 214-229.

Cui X W, Liang J, Lu WZ, Chen H, Liu F, Lin G X, Xu F H, Luo Y Q, Lin G H. Stronger ecosystem carbon sequestration potential of mangrove

wetlands with respect to terrestrial forests in subtropical China. Agricultural and Forest Meteorology, 2018, 249. 71-80.

http ; //www.ecologica.cn



