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Abstract

The forest ecosystem plays a key role on a global scale, acting as major carbon reservoirs, with huge
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amounts of carbon accumulating in its biomass and soils. This article analyzes the forest carbon stor-
age and carbon sequestration status and economic value of Liaoning Province from 1998 to 2018,
based on forest inventory data, using the biomass conversion factor continuous function method and
market value method. It also predicts the development potential of forest carbon sequestration in
Liaoning Province using the GM (1, 1) grey prediction model, leading to an estimated value for the
carbon peak year. The results show that the carbon storage of young and middle-aged forests accounts
for the largest proportion, with mature forests reaching a peak carbon sequestration of 1.91 Tg C/a
during 2009~2013. The carbon storage of various dominant species has generally increased, but the
carbon sequestration has no clear pattern. The carbon sequestration of natural forests is declining,
while that of plantation forests is increasing. The carbon storage of shrub forests has increased annu-
ally, while that of economic forests has decreased. It is estimated that by the carbon peak year of 2023,
the area of arbor forests in Liaoning Province will reach 5.04 x 106 hm?, with a carbon storage of
267.06 Tg C, a carbon sequestration of 8.35 Tg C/a, and an economic value of 8.67 x 107 yuan/a.
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IEAER, A HE B N S BRI BT S I B TR DKERAESE L. H 1990 R4 (Ot
HWVOEF) ZF )5, BICEIT G2 BI0GE. P8 BidfeR b mik & E AL B, “fK-
EACERHFC 4T 2030 FEATIA R, %5714+ H0 2060 4FRTSCILBR AN o Zibk “X” Hir D4 A
22 B Ao R R B RS F bR . ARMAE MBS BB RAOBR R, BB BN R, BRI
EOR, @I bR S AR AR B SR R i “ BT AN IR B AR Y —, BRATT. BREEE. RATTEN “Bk
A Jra[L], AR AR AT R S A BRI AR R Tt AR . S SRR AT L,
ARMRBI B IRHE ROAS ARG o RS T SR AR AR AR B0R i A B M EL 20 A (X T 8] R A 280 RS A0 A A SRS 2
KREHE[2]. HIARMBICA BT UOREAME, KIEHEG R, MORPARS . Sl b AR SeE <
(BT I BRAC R B B 2 ([3].

FERMBIC BT, BEEFNTEH T 2R EER, OB EMERMEREES. BT EHEHRK
HEEE R AR VERYER GRS, B R R e R 7 e 8 R BOE R e 2 R M, Oy — AR
HAER T, I TIRARE IR ARt (4] BT, RTARMBILAT SR E S, HEXN T
AW U HAR M BH o 2 K0t e 58 v AE AR MR e e i B A BRI VAT X BRI 22 T A B S L 990
Ik T

LT, B EE A, gy “OmERK 7, HEEHGE. he. AEELTMLES
DER KA E B [5]. B EMeL LR, A E LIRS, RGBT K. 7R OB
HAR” T LT mIG R BRI SS . 28 ESREEHE, AR, B, S BHHEE, XS R
PRIIBRI A DA G T Bl IRRARMAES KRG I BE S0 T HERE RIS 2 G B . BT FUR AR
VRN eGSR BGE, X 1999 A 2018 AR T8 AR BR & . BRIL & [ KA B (E i A2 itk
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2. BIRE =%
2.1. FAREXER

TR ARTEAE R E AL R R B X, A IR A UL, F PR T 7 & 11 FRIREZ1H,
FBIEKE KL 680 K. 2 DXHB TR R I N AL A0 o 1T P B A, oy bt A o 2 B3 A 7 AR 7
PO, AR — R R SR DT R B BEAN R, (B AR A, AT BRI IR
DX LA RSP SR X BL ST PRI = A BB AL AR S X I6], 3L T8 AR H L XA AR o A
PB4 ARME i 1A 3] 7 42%, MOl HInARZ Ny 634.4 J5A B, HirpoRZA —22 N Ak,
2.2. BiERIR

HRIEARMIE T BIRMIE S BRESE T IR AT E SR I E BREAHR, 3 5 A 9 AR B i
FBRIC I TH EEBE[7], A SCHF LTI 7748 1999~2018 4F DU B SR B B8, i B b R T4
BEAT I B E SR A, BA BRI A HERYE . A SCRIT T LA T I SE PR L, W FO0 AR TR AR
EARM, BIARFIZ TR 1),

Table 1. Area and stock of different forest vegetation types in Liaoning Province from 1999 to 2018
= 1.1999~2018 FiI TEANAEEH X ENERIMERE

TRARM HEAR IR LR 2k
A 3H Arbor forest Shrub forest Sparse forest Economic forest
Period TR EHE TR TR TR
Area/104 hm?  Volume/104 m? Area/104 hm? Area/104 hm? Area/104 hm?
1999~2003 322.57 17476.57 22.75 5.69 141.53
2004~2008 361.34 20226.85 58.74 5.65 122.24
2009~2013 389.62 25046.29 74.88 4.10 127.59
2014~2018 425.56 29749.18 181.68 3.78 104.55

23. MIRF*E

231 BAEERIHESE

TEARMASE A=) B e 0 [ 7 82 SR BUGA [ADR A SEAS R LA MRl ) B (8] 3 THEAHR . Bk
Gemk, ERU IO AR, LRI S A [BIARORIG B A M R, BUR K EY) B IR DA R &
R ABOPRAG SRRt . 2 30

B =V x BEFx X @

BEF—a+2 )
Vv

B, = Ba, x X; (3)

C =BxCF (4)

Horb, B NAME, V ONILHARI RN R ERE, BEF AEWERIE T, X AW, a. b Nk
2%, a. b MHUE—BCR A Fang S5 [41R9RTFEAE R, AEIZHUE A7 AE BURE D MUMRES S /R AN A2 [10], - AR
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BA—EMAMEM. ARSCRH Zhang S (1115 T 24> Sl 8o ok i #He 25(03E 2). 1=1, 2,3 7303
FORMEARIK BEMRAMA TR, Bay T4 | IR0 T Y E B35 1, MEARMK . BRI 55 bk 3 B U 13.14
Mg C/hm?, 13.14 Mg C/hm? 1 23.7 Mg C/hm? [8]. C ABffiti, CF NS AI[9], HEAM. HAARFZETF
PRIk R 400X 0.50 [12] .

Table 2. Conversion parameters and carbon content coefficient of biomass and stock of various tree species [3]

2. BRMEMESERENRRSHMIMAL(3]

3 Parameters

MRS AY Tree species R2 CE
a b
1% Abies 0.3933 56.65 0.8015 0.4999
Z1% Picea 0.3933 56.65 0.8015 0.5208
TEI A Larix 0.6079 17.062 0.8948 0.5211
41 Fx Pinus koraiensis 0.4691 24.659 0.8511 0.5113
FEFH4 Pinus sylvestris 0.5162 18.293 0.8357 0.5223
77FA Pinus densiflora 0.5162 18.293 0.8357 0.5141
¥R Quercus 0.7848 16.715 0.9542 0.5004
HEAJE Betula 0.8101 11.682 0.8815 0.4914
Juglans ﬁaﬁf{;ﬁll'jl:?:n u;r:r;ﬁgzz:l:;g;\amurense 1.0394 2.3728 0.7516 0.4827
TFfE 2% a. %K% b Hardwoods. softwoods 0.8918 28.441 0.8103 0.4834
HBeH Tilia 0.7564 8.3103 0.9800 0.4392
¥#4 Populus 0.6251 11.462 0.8537 0.4956
£ IJRAS AR Mixed coniferous 0.7442 26.806 0.7026 0.5101
& IH- YR A2 Ak Mixed broad leaf forest 0.7393 4321 0.7314 0.4900
£ REVR A #R Mixed coniferous and broad leaf forest 0.4385 52.905 0.7179 0.4978

e a R R ORI . PR FIABRE RS b B 2 EL R AR R FC A B 25

2.3.2. BLEMBSLEFMERNITE
FRRBII B2 i — 28 BT 300 P9 AR AR5k ity 2 R0 T — BT 300 0% A e i 2 1) 22 1155 A 3 2 D T K 32 1) Bl A
[13], AN:
_ CT _CT—l
©s S T—(T-1) ©)
Hr, CSERIRILE, Cra&m T MFkMEE, Cro1Rn T -1 MR E.
AR T EE LA FERAMBRIC A &, RARBRIC S TN B 2 SRR BRI & 5 H B A ks 1 7fe
o A N:
VA=CSxP (6)
VA FoRBRMBIC AT NE, P RN ARMBRIC BN A% o A SORMBRIC AL 2 AL A5 5
2019 FMNVBRICAE 55~ F- ) B 10.93 JT/ME[3].
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3. &R
3.1. FFARMBBRGEEMECE

3.1.1. FEEEEREE L E

AR A AR SRS B VARG MRAE ] L BT T, 3078 S AR TR S AR il b, #id
AR, 2014~2018 4554 2 x 10%6 hm?2. 4IRS AT SRRk it 5 o5 55%LL I, A LG FF%. B 2004~2008
SEP IS MRBR A R RS R AL, AR ARG Rk LT AR AR A K, 2004~2008 4E I #bks
PENERE, M\ 59.48 [% 4 49.25 Mg C/hm?, B KIS BT SRS M AT R T BE R o B R s bR Z AN LR 155
WS AHARALE 1999~2018 4E A frIRRIC AN T-%, HIE(HAE 2009~2013 &)1 bk, “F-HE N 1.91 Tg Cla. AJFl
BRI ARG 5, 2009~2013 4F HRIS AR B  ETE, RSP 22 . AR T . S ki
Wl BRI, fmik®] 143 Tg Cla, XKL T4 AT RE IEAESG I A AR . S AR s R 4L
FHLRES ), HBOCEWIEAW EFt . WR SRR EER RS E K, IBABNTARRIIBICIE I R E X
(). JEHMRBIC R NP2 0.16 Tg Cla, BREFER TR, RO BT BER B i & R B
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Figure 1. Dynamics of carbon area, carbon storage, density and carbon sink in various age groups of forest in Liaoning Prov-
ince from 1999 to 2018
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3.1.2. HERBHMAREEFRLE

FRAE ] 2 2B ar i, 1999~2018 HAIAIIL 7244 TR ACHR b o b T AR St K A B R AE AR, (3 T TR oAbk
AR 23.1%~26.4%. T&HHA . Z0Fa. AL, BRIE. BEREZE. WM. BRRRS. SHmIRACHR . T R AS AR IR B
fif #AE 1999~2018 FEHEARAL THENUIRDS, FEM- RS ARG B Skl i K, 7£ 2014~2018 A3 [ i K1H
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Figure 2. Changes in area, carbon storage, carbon density and carbon sink of dominant tree species in Liaoning
Province during 1999~2018
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Figure 3. Changes in area, carbon storage, carbon density and carbon sink of natural and
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TR ARMRAGAN [F] FI AR R 20 N R ARMRAN N TAR[15] . JTELAERE 2 [ 52 EM AR, T E AR
RIF N AR, 3L TR N TARS RIS BT — BAHZE TG L4 3). 7E 2004~2018 4F[a], N TAKFI
FARMIAUZRER K, AR, RIRMRIY 2.28 x 105 hm?, N TAKI 4.14 x 105hm?2. B %5 B MR it 0%
SEREIN, RARMBRAE R 2 T N T AR, 1999~2018 4F, KARMBK =152 40.7 Tg C, HERICE FFE, M
2.76 Tg Cla [& % 2.29 Tg Cla, 1fij N THM 2.08 Tg Cla ##25 2.23Tg Cla. L T4 HIRIRMAD N LA RRIC
BIRFFAN AR E, A 2EREL.

3.2. A, HHFEFHEERiEEMECE

M 1999~2018 FEHE Lok A, LUARBIIAR & LA EBARFIREARME R, (EHKIFAWPE, B
WA — BEAR R R T, T AR AR ER K, 5 2014~2018 EH KK, KRN 27.4% (ALK
4), TG R N, M 16.77TgC P % 12.39Tg C; BB il & /N FE A AR fifs B2 o T AL 384 i it
#hn, M 1.49TgCHiZ 1193 TgC, MK 5. HMBILBIEL AT, LHFHIAE 2009~2013 4
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Figure 4. Changes in area, carbon storage and carbon sink of shrubland, sparse forest and economic forest in Liaoning Province
from 1999 to 2018
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3.3. HRMHIECEFMNE

TEVE AR FCIAN, 3L T8 B SE ARG M I TR AR I B 48 G B S I 3 BT (L 5).

2014~2018 F4NRE AR, THES AR, BRI THE K T 2004~2008 4, HEE AR BEINME B U IE. %)
U MR B SR ) T S B A B B B =, 29I 1.44 x 107 J6/a A1 151 x 107 Jola. & HFASE £ B A2
GrED s ik, HAlR A 2 TR EE LA 6). LL 2009~2013 A1, VEMIRASARIIBRIC L5 E N 3.71
x 107 JGla. RIMMBIC AT E TR, N TA/NMERE BRI 7). 7E 2014~2018 4F, RARFRAIN AR
ZTME R, 2N 22.5 % 107 Jt/a 1 2.43x 107 Jtla. 2004~2018 4F, LG ARRIB AR BRIC L Hr (1l 4
TR, ZTEARAE 2009~2013 N IE, HAWFEG N, BAMRGEZ AT, BEARMBIERIC S5 E R IR,
2014~2018 1k 1.19 x 107 yu/a (WL 8). WHFEEAERIH, I T8 RMIRICHKI 2 ER 7 HIL T R &
By, X R AT B AR AR SR T R D A A B R A
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Figure 5. Economic value of carbon sink of each age group of forest in Liaoning Province from 2004 to 2018
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Figure 8. Economic value of carbon sink of shrubland, sparse forest and economic forest
in Liaoning Province from 2004 to 2018
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Figure 9. Actual and predicted values of forest area in Liaoning Province in 2030
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Figure 10. Actual and predicted carbon stocks of forest in Liaoning Province in 2030
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AW 5TIE ] Excel #HATEEEERE, JERA GM (1, 1) A LTINS ALK T T 544 T2 AMRAE 2030 4FHki%
WA P T AR FH B ity AR A 34 o WP TR 45 BRI AT A T A 36, 7 “Bioik Ve ” 47, I T8 e AR MR T AR T 45
RSP IIAHNT R 2208 0.97%, ik fits B TS B R~F I AR X R 2208 0.06%, P iR Z 45 RIS/ T 1%, &5
575 22 LAl C 4 0.1 F1 0.05, 34/8T- 0.35, B TS 2R &5 BB RS, 1k B — b, TS R nl (.
WL, EAEEARER. BURSE MM A NE R, SEYIHNg R, L Ta ARk
JETTSARLE s TR AR T AR Bk i 2 B AE B AR 0, Filih7E 2030 TR AR B THI A AT i5 2 5.04 x 108 hm?
(WL 9), B ik 2] 267.06 Tg C (WL 10), BEEFERIEFBRI L5 E T 8.35 Tg Cla il 8.67 x
107 Jt/a.

4. ¥1ig

LTAE NP EEZER TR, S RBFE TR R, ARG T #RE. + =15,
RAEHEMAS RGTFIEWE, T RPUEFRE AR, TRARMBAE 0. TRARB i = A0 BRI &= o T
AR, BRI TR, TR AMMSS, IR F e AR &, RIS TR, $F-HIRe. LT
B TR AMBR ity B 3 K R AR T A E P KF, X B T4 A R i Ak 4 T R B AR L A3
BRE,  BREUE F R bR, IR mbk oy R s &, AR SR [ B BE . KRR Bicfig & 44, H
W FE R, AR A5 LA SRARICBE /. N ARG R I, idERe . RN, S4eFt
TRARMRGETFANE, BB AT ARRBAR PN A, B S 5 1E

5. &g

RN FERRBR I B A A7 22 AN BRI RE g, T R I E TR0 I [R) IR AR “ WU H AR ROC 2, [RII
Xof T A S €8 P R e R A v i T R S LA R . AR, VPR ARARBIIC I 22 BN B T K R ARk
A AL DL R S AT RS B RO R RE R A R ([16]. B AR S5 I E A B T R ERMRES
20, BB SR ASCHT 1999~2018 410 T8 AR BHIR A, Al EARMERIC A gf =, AR 2019
FEMOVBRICAE 5 B AL A BF I . B EZ AR IR

(1) LT84 FRAMBAE B M 1999~2003 4E Y 102.23 Tg C 14 % 2014~2018 £Ef¢) 160.12 Tg C, Fililhrikik
TRk 267.06 TgCo N TARFIRIRMASBRICTTHR S 5 — 245, FEMHRAS M EETTIRE, Bl Eim, &
0.96 Tg Cla. 2 Hh 4 Fiie % P BE I (R 36 K

(2) FESLH AR g BB RGN, ShESARITRL &7 LR %, (B BAg R A BIC E AR K, R A
YRR AR T BRERICID, SRR . PSRRI BT 2009~2013 fEELIE, SRR ERRTT

(3) LT ARAMBRIC 57 E A 2004~2008 £E 1) 2.30 x 107 i/a 44 2014~2018 4] 4.69 x 107 ji/a,
SERIRRAEIE N 2.01 A4 TC, HRALTIARIC B I B IR A K . EAMOR T ERRIC £ 5k 8, 2014~2018
HEHAHIL 1,53 x 107 Jt/a.

LT N T AR E S AT AR RI R ET T, N B B, BRI AR R )
WEFCTT, $RTE PR MRIE SAARR &, SEBWFPEEH, RITRIRAR, 38000 T AR AR AR DUR FERRICIE )
[FIIy, UM FR BRI “XU” Bhr, #EmaIRER, (A RS 5ol air g m
ITEN[L7]. ARTEL THRMIICETNE, BRI, @5 TG, FEL5REMITIE,
Hp S HAM G 25, SEILARMR A7 BB [18] . B2 T4 BN, RIEHBHLARE S, 5l
ANANABFFRBHCAS G M. [, 2% IR A BRIC & B B e, USRS B SRR LT 7
I3t

ETMB T, RCREEER. HSMAANE, CTELBEEGR, RREHARGKSZR, 245
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