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Abstract; Assessing the long-term responses of forest aboveground carbon storage ( ACS) to forest management measures
under climate change is vital for achieving the carbon neutrality goal in China. The traditional methods (e.g., biomass,
remote sensing, and carbon flux methods) lack the expression of the long-term succession process of forest ecosystems under
the impact of climate change, forest fire, and forest management measures. They fail to disclose the joint effects of forest
disturbance and management on long-term forest carbon storage in the western Sichuan Province under climate change. In
order to address the limitations of biomass methods, in this study, we used the west of Sichuan Province as an example, a
climate change-sensitive region, to predict forest ACS and carbon density dynamics under natural and artificial restoration
scenarios (a combination of forest disturbance and forest management measures) from 2020 to 2070 by the forest landscape
model ( LANDIS PRO) and Photosynthesis and EvapoTranspiration-II ( PnET-II) model. The optimal forest management
measure to improve forest ACS was identified by comparing future forest carbon storage in western Sichuan Province under
various forest restoration measures. Under the natural recovery scenario, the forest ACS will significantly increase from
466.99Tg in 2020 to 780.96Tg in 2070. That is a 67.23% increase in forest carbon storage. The mature and overmature
evergreen coniferous forests (e.g., spruce and fir) are the main contributors to forest ACS in the western Sichuan Province.
However, forest carbon density will remain stable and even decrease after the middle 21" century under the natural
restoration scenario. Contrarily, the decline in forest carbon density is reversed under artificial restoration scenarios. Among
the multiple combined scenarios of forest disturbances and forest management measures, the forest ACS and carbon density
are highest and consistently increase when the ratio of forest disturbance area is 1%/10a and the ratio of forest management
area is 2%/10a. The forest ACS and carbon density will be 807.76 Tg and 33.33 Mg/hm” in 2070, 72.97% and 12.21%
higher than 2020, respectively. The forest ACS and carbon density under this artificial restoration scenario are 3.4% and
8.5% higher than that of the natural restoration scenario in 2070, respectively. Our results provide effective scientific
support for adaptive forest management under climate change to reach the carbon neutrality goal. Therefore, proper artificial
restoration measures can break the bottleneck of natural recovery in forest carbon storage capacity and sustain the increase in

forest carbon storage under future climate in the western Sichuan Province.

Key Words: climate change; forest aboveground carbon storage; forest restoration; forest management measures; forest

disturbance ; LANDIS PRO model
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Table 1 Advantages and disadvantages of methods for assessing forest carbon storage

751 Methods 251 Classes syl Types =y Advantages Tl 5 Disadvantages
b T v GR7/E a7 BRI AW RES fR S ARG WS R T R AR E
Ground-based monitoring PRI AR WLV B R PR AL, X AE A — A K By
B YRS BL Ay i AT AT AL 3 LA ) i
S A )R e
ABRGEWEEE  REECE MRS FEEE  REBUZH ZRMA TN T B AEE, Z it
B R M R bR S B T J 5 s M
0, DECIRONSBE SR e 4 T ] A7 4
N5
TR I TESEAT Tl 1 Ik B U RS NN 3 e S & e o SR = R R
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SE , HELUM AL L 2] i 25 bR R
it
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Modeling EPM 4§ WK RRAEZRGEN MY 220, IF HLXF
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InVEST : 425 R GRS PG S AU AY Integrated Valuation of Ecosystem Services and Trade-offs ; ARIES : 2E 35 R Gt S N TAFREFLAY Artificial
Intelligence for Ecosystem Services; EcoAIM : Exponent 2% ] J¥ & i 4= 25 R 4t Ik 55 T BE PE AL B HY Ecosystem services functional assessment model

developed by Exponent incorporated ; EPM ; £ 28 RGN A L5 & WA Ecosystem Portfolio Model ; ForClim ; — R KB | W] ] T 1EAh S A58 1L 4 7R
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and disturbance model; LANDIS PRO : —F 3 T 1 P AU BRAR 5L WL2S (B4 5 A process-based spatially explicit forest landscape model
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Fig.2 The in situ forest inventory sites and elevation gradient characteristics of land types in the western Sichuan Province
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Table 2 Allometric equations for different dominant forest species in the western Sichuan Province

DA 28 28 AT R
Dominant forest species Parameter a Parameter b Biomass equation

A2 Picea purpurea 0.0485 0.9224 W=a=* (D2*H)b 0.98
V2 ¥ Abies faxoniana 0.0371 0.9278 W=a* (D2*H)"b 1.00
JHAS Pinus tabulaeformis 0.0980 2.4750 W=a* Db 0.99
Wilk2 Cryptomeria fortunei 0.2655 0.7076 W=a* (D2 H)"b 0.99
AE1L¥S Pinus armandi -2.2962 2.4119 In(W)=a+b *1In(D) 1.00
2K Cunning—hamia lanceolate 0.1456 2.0817 W=a = Db 0.99
AR Cupressus funebris 0.2045 0.7499 W=a=* (D2 H)"b 0.97
H X Quercus glauca 0.1014 0.8771 W=a* (D2 H)"b 0.99
5 LR Quercus semecarpifolia 0.0173 -0.0140 W=a=* (D2*H)b 0.99
f§A Phoebe zhennan 0.4699 0.5382 lg(W)=a+b = 1g(D2 = H) 0.93
1 Bamboo 0.5810 0.6170 W=a* (D2*H)"b 0.77
1145 Populus tremula 1.3565 1.7185 W=a* Db 0.96
MEAR Betula platyphylla -1.8990 0.8114 In(W)=a+b*In(D2* H) 0.99
KK Alnus cremastogyne 0.0952 0.8473 W=a* (D2*H)"b 0.90

W B A A& Biomass(kg) ;D : Hii#2 Dimeter at breast height(cm) ; H: ## Tree high(m)
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Table 3 Attributes of different dominant forest species in the western Sichuan Province

LB FH Dominant forest species LONG/a MATUR/a SHADE FIRE EFFD/m MAXD/cm SPT
A2 Picea purpurea 420 80 4 2 80 120 1
¥ Abies Jfaxoniana 460 80 4 2 80 150 1
AN Pinus tabulaeformis 260 40 4 4 100 100 1
Wik Cryptomeria fortunei 500 40 4 2 100 200 1
AE1HS Pinus armandi 70 40 3 4 100 100 1
2K Cunning-hamia lanceolate 200 10 5 1 200 300 1
AR Cupressus funebris 500 50 1 2 70 150 1
H X Quercus glauca 300 10 4 3 200 100 0
i LUAR Quercus semecarpifolia 120 20 4 4 200 40 0
AR Phoebe zhennan 1000 50 5 5 40 100 0
1 Bamboo 60 10 2 1 250 15 0
7 Populus tremula 150 30 1 1 200 60 0
HeA Betula platyphylla 150 20 1 2 200 100 0
KK Alnus cremastogyne 125 10 3 3 150 120 0

LONG . ##h %4 Longevity of the forest species; MATUR ; B Rl 24T i Maturity age of the forest species ; SHADE : B B BE (524 1—5,1
FAHFA 5 M BENTFH) Shade tolerance value(1—5). 1=least tolerant, 5=most tolerant; FIRE ; it k B (Z54 R 1—5,1 I AT k|5 S~ e B i
k) Fire tolerance value(1—5). 1= lowest tolerance, 5=highest tolerance ; EFFD ; ffi F45 3L & B Effective seed dispersal distance; MAXD : ¢ K-
Y94 Maximum diameter at breast height; SPT . A FRZETY (1 £ ik, 0 M AK) Species type ( value is 1 for coniferous forests, O for broadleaf

forests )
x4 )P X L2 R 5> R 4FE
Table 4 Land types characteristics of the western Sichuan Province

STHZER Land type LA Ratio/ % A Area/10° km?
e Non-forested 62.32 183.68
FRIAX Arid valley 1.46 4.31
AR Altitude <1000m, B3 southern slope 0.84 2.49
3K Altitude <1000m, JE3¥ northern slope 0.83 2.45
1000m< ¥R Altitude <2500m , A3 southern slope 3.23 9.51
1000m< ¥#F# Altitude <2500m, 3% northern slope 3.63 10.69
2500m< 7K Altitude <4000m, BHI southern slope 9.52 28.06
2500m< K Altitude <4000m , B3 northern slope 9.84 29.01
=154 [X. Alpine meadow areas ( >4000m) 8.32 24.52
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BMAEEM(ILE LB REIAMELESS) feila N TIRE#E A RS IER R, UK YRR
B ARMAEZS R G A = Sy IR S AR BE S P20 BRI E R R R B R TR Gk, i i
BREHLATBREE P E R XA 217 22 o A RE B, AR R BB Bk R ek
PRAFFE T, 20 B X G B RORANME ARSI L B B e bR, A R TR R R I AE KRR & 3R TR AR
Bk 2 SRR A S R G L EIRS IR NP X R RS ARG RARIS , R S B LA [ 5% BE 1 1)
KRR WA TR AS AR DL SR e 22 B9 N TR MO 22 A A DR B o T = 8 A2 52 4k
AREE IR AR R4 e DX R SRR AR ) 0 PR D v A R, AR 98 X 5 R MR BT R L E
FRMEZE 5 HA IR (N TS24 AR E SRR AR E R 32, A5 b 3ok O T A ) 2
DB T R P SR ERRIN DA R i 3 R PR3 G SR £, 25 PR PR e DA/ N 3800 R PR ARS AR e 2 8 T RO 364, T 28 3k
SR 4 B DX CRAR T R S 452 1k, F2 BT X o Gl AR AT AR R /R AR 20 47 g B I3 7 o ok i T
YRR G E G BACE AW T AHRL A KR TN AR R A SRR LG 9], R T AR S0 T 117G b
X AR S B P A F2 AR —— AR RN TR (R 5) o A SRR S SR AR AT A A T3 T 1Y
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H AR AR, H BT 4% |l 18] 55 4 LA SRR ZRAR 8 52 1), BT 09 588 B 45 S 1 0.01/
10a—0.05/10a, A TR 5N ALHE AR T PRI AR AR 8 A B, AW ST 5 X 2 42 e A2 10 R[] 45 3L L A7)
(1:1, 1:0, 0:1) $&H T AR T4 RGBS HHE AL & 7 R, MK TN BRAR 78 8 HK -5 B Y L 2 oy
0.01/10a—0.05/10a, fHZFHET LANDIS PRO SE3LIRA T35 S A Sk AR 5t T WF 90 X ZRAR Bk it 12t A 400 S
Hm

£5 JIFBRFNRERETR

Table 5 Forest restoration measures in the western Sichuan Province

KA M Future climate

AL SR — "
Forest change Current climate AR ANTHRE
Natural recovery Artificial recovery
KT Fire disturbance T AR LA 0.02/10a % 0.01—0.05/10a 0.01—0.05/10a
Fieapaggil TR LA 0.02/10a"*] — 0.01—0.05/10a
Forest management BRI TH R+ HME — LA R A

FHAK A AR 50 (U A BRI BRI, T HKF 5 BT UK —3, 05 0.02/10a

2 WIREGR

2.1 LANDIS PRO B3 E M 5

AHIFFT L5 A FRARGE R 2 B R b SIS o B AR 25 SR TR RN LR A A 5, HE 3R 6 P , AR b
KPS A 5 AR SR W W) A 3] 86.67 % , A RIR AR ARG FE A R, T E— 2545 2 BRA T A0 )1 7
X M el oS ) oA, LA AR ST 45 A AR G i AR i 5 LANDIS PRO AU 45 S 728 SO 1T
At & BLHTHA (2000—2009 4F ) WiFh 532 B Al 38 0 1 PG b XA 8 ACS ANA7AE B 25 22 5% (P>0.05) , 17 2010 4E )5
BT AW vk W AR i e S 2 s (181 4) (P<0.05)

& 6 LANDIS PRO EEUBEUBERBLER
Table 6 LANDIS PRO model initialization accuracy test results

e — M Hb BEPLEERL  WIARERA

1:5%%@ Dominant forest Sample :ﬁﬁ—l’%\ Random Number of HiE
Vegetation type species plots/ Subplots/”| sites/ I~ matched sites/ Accuracy/ %
H AR ZA% Picea purpurea 11 176 16 15 93.75
Evergreen coniferous A2 Abies faxoniana 10 160 16 14 87.50
forest KK Cunning-hamia lanceolate 3 48 16 14 87.50
W2 Cryptomeria fortunei 4 64 16 12 75.00
T Pinus tabulaeformis 3 48 16 14 87.50
A1 Pinus armandii 1 16 16 12 75.00
FAAR Cupressus funebris 1 16 16 13 81.25
B LR AR FHIX Quercus glauca 1 16 16 15 93.75
Evergreen broad- 5 LUER Quercus semecarpifolia 5 80 16 14 87.50
leaved forest WA Phoebe zhennan 2 32 16 14 87.50
1 Bamboo 1 16 16 13 81.25
AN 145 Populus tremula 5 80 16 14 87.50
Deciduous broad- HMER Betula platyphylla 7 112 16 14 87.50
leaved forest FEAR Alnus cremastogyne 5 80 16 15 93.75
H#E\ Shrub INEFEE Conyza canadensis 3 48 16 15 93.75
A1t Total — 62 992 240 208 86.67
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2.2 1|V M X ZR AR i 1 PR
2000—2020 A1), BT RE M (LT ATR Bl s — PO o i
JAYACS 25 il S ok (1 5) . URVTFU AR Ak ACS 7o

g
2 600
5, JEUCOH JE T VI 2 VT AR G R AT, S oo
S, A T 4000m (94K 0K Wk Bt L (P< £ St
0.01) , JHERLBRTEARIX BEf B T80 3 (2 200
100

o)

5) o 20a [B], I PGHEIX FRAR ACS Fifi FR AR AR I8 3 14 i 0 ‘ ‘ ‘ ‘ ‘
T (P<0.01) ,2020 4EZEHK ACS (466.99Tg) % 2000 4F w00 A e e
(344.62Tg) BEARTE T 35.51%, (ABUATAME T )P B e B R
£ 4 =7 Eidh 45 SR 3
U /) 2% iy B N £ E? >
IX*)}CM%&EIE%_FF%%%‘( P<O'01) ’ qzilj_Flz%l'zz Fig.4 Comparison of forest ACS results based on the biomass

Mg/hm’ (8] 5) , method and LANDIS PRO

JUVG B IX 20 4[] A [G] ZRAR T RIS R A BRI LANDIS PRO . — 3 T3 5 0 2k 5 025 TR A process—based
Y ACS MWk EAEAE 225, FRARSERI )1, AR KM | spatially explicit forest landscape model; ACS: #h I+ B fiff &t
TR A F2t B e 2 B 36 B O 5 Sk B IE AR (ECF) >R 38k Aboveground carbon storage
( MF) >7% I [i& i-bK ( DBF ) > %t il it Ak (EBF) (Kl 6) .
ECF AR IX 3= 2 [ R RIS I it o7 ARMOEVRAE 1Y 71.10% , ARIMRER 9 ACS B i 25 B 3 30y 3k 24
RS BB S H S AR>S I RS AR, e rp sk bR 5 BRI ACS 4301 o AR AR S 2 119 37.58% K¢ 29.02%
(B 6), MR, = BRAZHT34 ACS 430 b7 R AR At 5 11 24.55% S 40.02% , 212 b DX AE B B it ot 11%) 32222
TR (R 7)o

200045 201045 202045

BN

B 2R A =k
COonmsx [ 4hipk O gk I S8k CO figas R
0 Akt D Pibpk 0 sk C Ry Ry
& 700 i £ g
£ 600 ¥ =5.9487x - 1152.00 = 250 ¥ =4.8473x - 9628.2 % 90| y= -l12156x+2482.7
o P<0.01 &S 200 P<0.01 2 60 P<0.01
g £ X 23
=2 25 ot
- =y €5
8 g E
2000 2005 2010 2015 2020 £ 2000 2005 2010 2015 2020 & 2000 2005 2010 2015 2020

A4y Year

BEl5 2000—2020 )| it X F ikt FfEE= BRSO UER R ETLES
Fig.5 Spatiotemporal variations of forest ACS spatial patterns, spatial trends and temporal trends in the western Sichuan Province from

2000 to 2020

2.3 RS VG ML DX AR % T

2020—2070 4%, F SRR A% 5 T ) VEHL X FRAK ACS 25 [H] 0 A% SR 5 2000—2020 4F 3047045 )1 74 Hb X 7R
MACS A AL (B S L 7) o RS A XA B fifh 2 2 0 T3 (P<0.01) , HAP B DIR VL 38 1 Tt
GO [RIAE, RS TP IX 2043 R A g ACS 2 3% B (P<0.01) (K 7)., KX
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15 T Bt )11 V5 i X 2% bR 7 55 1 B G 3 3R T (P <0.01) , FR MM 1B fiff 45 F 466.99Tg (2020 4F ) 7+ =
780.96Tg (2070 4F) , BEHRIIN T 67.23% , V-3 5 AF4-TF 6.72% (& 7) 3 5 BURA R 2 120K X T 1) 1 25
2030 ARG FFIRIG K, Horf 2040—2050 AR HE R BT, P Hh 2 B AL 2020—2030 4R 1.39Mg/hm? ; J A3 Uil
2%, H B TR ,2060—2070 4FFRMOF-HIBR S 48 2050—2060 4EA% 0.15Mg/hm®, H P R R 2% AL £ 5
DB AR MBI B A (£ 8) .

330 172 180 - 100
300 f—— & - I
l64 E 160 £
& 270t S 2wl 180 5
% 240} 162 g o - =
—- > - -
g 210t lis 2 £ leo 2
= 180 | £ Z100f g
£ {402 2 =
S 150 | E £ 80f 40 §
C 120f 128 S ol 1" &
g@ 90 | o gﬂg ;
1248 = 4ot i
& 60} _‘ B 20 %
30t '—‘ 16 & 20
0 0 0
£ S £ S T =3 £ £ £
= = = & T & = = =
&= B 4 i R + S| g4 =
iy & =
i ® i ZRARUS 4 Forest age class
HEME KT Forest type

B 6 2000—2020 &) AR MR AREHE KRB E ARG AN FFHREESHREE

Fig.6 Average forest ACS and carbon density of different forest types and age classes in the western Sichuan Province from 2000 to 2020

RT 2000—2020 F)I| R A E T L FEEHRMEE
Table 7 Average ACS capacity of different vegetation types in the western Sichuan Province from 2000 to 2020

e W
i Fif A Carbon B fp fiE e Carbon
Forest species ACS/Tg density/ Forest species ACS/Tg density/

(Mg/hm?) (Mg/hm?)

A2 Picea purpurea 105.51 77.19 HIMX Quercus glauca 18.47 21.03
K2 Abies faxoniana 171.99 94.34 i LUAR Quercus semecarpifolia 3.48 7.09
AR Cunning—hamia lanceolata 19.17 28.63 fHA Phoebe zhennan 2.49 25.71
WikZ Cryptomeria fortunei 8.53 30.05 1 Bamboo 9.06 17.20
HA Pinus tabulaeformis 20.70 27.20 114 Populus tremula 1.90 18.38
RIS Pinus armandii 18.46 33.82 MER Betula platyphylla 15.99 30.09
FAAR Cupressus funebris 25.58 21.50 FEAK Alnus cremastogyne 8.45 27.01

ACS . Jth LA Aboveground carbon storage

RV i XA [] AR RS BRUA K AR b (4S5 ACS Je b 4% FE R REAFAE 22 5% . R[] ZR bR 10 A 40 4 ik
BB R E LN ECF>EBF >MF>DBF, A5 4% - ¥4 85 % % & ECF>MF>DBF>EBF (% 9) , #H# T 2000—2020
4F,2020—2070 4 ECF L4 FHm it 5 FUIGFRAR = 59.86% , i EBF \DBF J2 MF filfifi it 7 He iz BT+ (& 6
M 9) , Hr EBF Bfif s $R- FHEC  Z4EF Ykt i o O T 2 18.86% . ANRIMRZH 5 T (35 10) , =ik it
SR LR B (S S R ) A T RS T R TAETAE P AR MOR W EA TR SR (T 7)) RS X AR
TR 5K, By Pl S OOz i SR a2 B 3l AR DX BRRR AR SR A B AN T4 v (1 7 R
10) o WIFRITT (K 11) , ZRIEARZAET- B 0cA 5 50 ) o BBk fift B2 1Y 23.04% b 29.63% A5 R iZ AR X b T ik
R R ERA 28 b, AROR ) UK DB At e 388 0 = B AR 32, R o5 T B Bk it e B TR AR s
(1] 457 25 5 M) 2 4 3 B AR A
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i 45 &

BRfi% & Carbon storage/Tg

AR % ARG
COnmmxX ] 4tk 8 azve Il 32k [ WA B
0 ekt B sk 0 mask 0 mEr: R0
1000 350 ¢
y=6.474x - 12594 300 y=1.8584x - 3586.5
300 - P<0.01 P [ P<0.01
£
2 250 |
(=}
600 | g I
E % 200
400 [ gg 10
?‘? 100
200 | € sl
0 . ' . ' . 0 . . . . .
2020 2030 2040 2050 2060 2070 2020 2030 2040 2050 2060 2070
4EAy Year

B7 2020—2070 FEAREBR TN AR FME EREETEES . THEHERMFET/LESR

Fig.7 Spatiotemporal variations of ACS spatial patterns, spatial trends and temporal trends under natural recovery scenarios in the

western Sichuan Province from 2020 to 2070

£8 2020—2070 FEAMEBFE T EBXFRK FAFEARREE

Table 8 ACS of forest, tree and shrub under natural recovery scenarios in the western Sichuan Province from 2020 to 2070

FEMK Forest 2K Tree layer #E K Shrub
n o 032 i 3 iy o 032 i
ﬁYquer i it Carbﬁflﬁde%sity/ Wi ik Carbﬁji{z‘:le&r:sity/ i ik Carbﬁfl&disity/
ACS/Tg ) ACS/Tg ) ACS/Tg )
(Mg/hm?) (Mg/hn?) (Mg/hm?)

2020—2030 502.37 29.10 497.63 37.42 4.74 1.20
2030—2040 583.80 29.11 579.05 35.93 4.74 1.20
2040—2050 666.25 30.49 661.50 36.94 4.74 1.20
2050—2060 719.89 30.89 715.15 36.94 4.74 1.20
2060—2070 761.86 30.74 757.12 36.34 4.74 1.20

FP PR AR SR R B B T Xk A S I BE A 24

£9 2020—2070 FERAREFE T EHE ARAHRMERBREE

Table 9 ACS of different forest types under natural recovery scenarios in the western Sichuan Province from 2020 to 2070

) Year ECF,/ ECF,/ EBF,/ EBF,/ DBF,/ DBF,/ MF,/ MF,/
Tg (Mg/hm?) Tg (Mg/hm?) Tg (Mg/hm?) Tg (Mg/hm?)

2020—2030 319.01 52.64 66.77 17.01 42.02 25.68 69.83 41.59

2030—2040 347.58 44.93 103.85 22.46 45.82 27.58 81.80 39.05

2040—2050 397.18 42.78 126.75 26.66 46.33 30.09 91.24 39.20

2050—2060 421.79 42.17 145.79 28.77 50.42 28.41 97.15 38.60

2060—2070 433.66 41.50 165.37 30.34 56.17 25.23 101.91 37.63

ECF, ; W &-4HHARBR A% Carbon storage of evergreen coniferous forest; EBF, ; H 4% W - ARBfi# & Carbon storage of evergreen broad-leaved forest;
DBF, . # [l it bkfisfifi it Carbon storage of deciduous broad-leaved forest; MF, : Mk fii it Carbon storage of mixed forest; ECF, : % Lt bk %
J&# Carbon density of evergreen coniferous forest; EBF ; % £% R I BRER 25 B Carbon density of evergreen broad-leaved forest; DBF ; 74 M- Ve M- A fik 2 &
Carbon density of deciduous broad-leaved forest; MF, : R3S PRI % & Carbon density of mixed forest ; & HUAS [F BRAR IS T A9 Bk fifs B ik 2 88 A X g fF 5

I By 24 {H
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F 10 2020—2070 &£ B A S B = T )| Fat X & % & S Ak fE 8

Table 10 ACS capacity of forest at different age classes under natural recovery scenarios in the western Sichuan Province from 2020 to 2070

478 Yound Fi Meddle-aged I Near-Mature aged JEFA Mature-aged IIFA Over-Mature aged

Year Tefi Carbon Tttt Carbon it Carbon Tefi Carbon Tefiti Carbon

ACS/Tg density/ ACS/Tg density/ ACS/Tg density/ ACS/Tg density/ ACS/Tg density/

(Mg/hur?) (Mg/hni?) (Mg/hn?) (Mg/hn?) (Mg/hni?)

2020—2030 35.96 7.72 66.61 23.46 57.91 42.36 149.22 61.22 187.93 94.09
2030—2040 45.04 6.79 88.60 21.72 75.07 55.68 167.90 71.26 202.44 119.30
2040—2050 56.64 7.36 113.24 21.67 92.90 70.96 183.72 88.38 215.00 135.03
2050—2060 65.31 7.38 128.14 23.23 104.86 72.60 193.80 99.21 223.05 139.25
2060—2070 70.26 7.03 135.31 23.15 112.70 74.27 204.50 110.70 234.35 143.12

PR A R AL BB b fe RS R DM AR L O 5 ok B 349 (L

F 11 2020—2070 £ )| EthX B AR EE R TAREE LB & F£FHRRCTER

Table 11 Average ACS capacity of different vegetation types under natural recovery scenarios in the western Sichuan Province from 2020

to 2070
| W
i Fih TR Carbon " Tefit e Carbon
Forest species ACS/Tg density/ orest ACS/Tg density/
) species )
(Mg/hm®) (Mg/hm*)
=12 Picea purpurea 147.49 80.75 B Quercus glauca 68.07 35.02
¥ Abies faxoniana 189.72 136.10 LR Quercus semecarpifolia 10.08 10.61
A Cunning—hamia lanceolata 44.58 27.08 fA Phoebe zhennan 35.00 45.18
Wik Cryptomeria fortunei 20.10 22.24 1 Bamboo 7.58 7.01
AN Pinus tabulaeformis 24.14 14.56 114 Populus tremula 7.13 19.95
LA Pinus armandii 22.34 17.74 MEA Betula platyphylla 23.44 27.38
FAA Cupressus funebris 22.90 10.40 FEAK Alnus cremastogyne 17.70 30.33

2.4 )1 7Y M DT PR AR 28 R i Ty ZE A

T8 S0 EE T PG Ml XA [ B T4 | AR 878 A8 BT TR Bk L Al it ot 45 ) SRR B AR A O (3R
12) K3, A A AR T AR, S TR 0.01/10a H A2 R A2 R BB N 1:0 B,
PR ACS B AR G LR T e . I TR HE G 5 T, 2020 4F I PARIX ACS #4 H 466.99Tg $& T 2
806.90Tg, /N T 72.79% ,~F-341 5 4F4&F 7.28% . N TAREHEIE T NPGARIX. ACS AHXT H ARMK A 5191 5
MR 3.35%(22.32Tg) (%6 12) , [FI), Bl ARAR KT TR TR ALY 3k, 2 DX ARAR O i i 4 2 0 T R 3k
AR BRAR G E PRI 5, Y ARG B A i LU 1 0.02/10a H =42 A2 BRAR G B B AR 1:0 )
MR BRAE B g o N TR S 5, 2020—2070 4F )1 P AKX ACS 4 1 466.99Tg 42 T+ % 803.39Tg, 34
T 72.03% , ¥ 5 4T 7.20% , AHXT F SRR, SN TR A S N PE AKX ACS SF-34 5 A 1S
3.10%(20.53Tg) (£ 12) , B, LA MK T PRI AR L 5 45 BRAS 1l 14 5% i 245 5%, 4 AR AT e iR 0.01/
10a  FRARZE S BRI LL B 0.02/10a H A AZ 2GS B HIE R R 1.0 B, XS AR AR I R fif 1t 1
BRI T DX SR ARAARR A 2 1 S AR K TP AR AR 28 B M2 5

P&l 8 XLk T e dt N TR At 5 55 1 SRR SZ I )1 04 i DX R H I e i o 5 e 2 3 I B Ak 3 iz
TWRENE T ,2020—2070 F0F 58 X FRAMRHL = ACS $FHi 466.99Tg $2 7+ 2 807.76Tg, AHXT 2020 47,2070 47k
AR Rk REHGIN T 72.97% V15 5 AEXG 5L 7.30% (18] 8) o AHXS HARYRIZ 2070 4EFRbRkHL T B fift i 4 2 7
26.79Tg, V-3 5 AFEH4 1IN 3.47% (23.14Tg) (I 8) . SIt[FS, A ERWK R R TR 1% 5T 10 ZRAMRm 2 1 A8 1k
EHIFAEZE S, A SRR T WF5T X 2R AR 25 B i 5 ( 2020—2030 45 ) B %, 2030—2045 4E B T, ifi
JEB TR R R R (B 8) . IR MR BE H 29.71Mg/hm® (2020 4F) FE K % 28.63Mg/hm’
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(2030 4) FFE N2 30.71Mg/hm* (2070 4F) , 2070 4F FH SRk 1% 5t T FR AR 2400k 2 B 48 2020 2T+ T
3.37% V¥ 5 AEHRE T 0.35%, S0 T2 55 , 1230 IX BBk 28 B AN H2 F1, i 29.71Mg/hm? (2020
AE) BN 33.33Mg/hm? (2070 4E)  HHN T 12.21% ,“F44 5 4800 1.17% , HrhRiT (2020—2030 45 ) bRk
AR T (2030—2045 4F) $4 IR, J5 1 (2045—2070 4F) BE BRI RES: BT (E 8) . F
2070 4%, N TR T M B A SR VK2 55 8.5%

F12 2020—2070 EATREBEET/IAFKIL LRFEES AAREBRHLE

Table 12 Forest ACS enhancements in artificially restored relative to natural recovery in the western Sichuan Province, 2020—2070

GEEBKTP T BB =1:1 B FZ=1:0 B FZ=0:1
Management level/10a Disturbance level/10a  Spruce : fir=1:1/(%/5a)® Spruce : fir=1:0/(%/5a)®  Spruce : fir=0:1/(%/5a) ®
Mgt_0.01—0.05" Fire_0.01 3.25 (805.94) 3.35 (806.90) 3.27 (806.13)
Fire_0.02 3.11 (804.01) 3.20 (805.09) 3.11 (803.87)
Fire_0.03 2.96 (802.09) 3.04 (803.20) 2.96 (802.05)
Fire_0.04 2.82 (799.99) 2.87 (800.85) 2.83 (800.13)
Fire_0.05 2.71 (798.42) 2.74 (798.91) 2.71 (798.42)
T ZEERUKT BB =111 B FZ=1:0 BRZ=0:1
Disturbance level/10a Management level/10a  Spruce : fir=1:1/(%/5a) ® Spruce : fir=1:0/(%/5a) ®  Spruce : fir=0:1/(%/5a) ¥
Fire_0.01—0.05® Mgt_0.01 2.96 (802.07) 3.03 (802.89) 2.97 (802.08)
Mgt_0.02 2.97 (802.12) 3.10 (803.39) 2.97 (802.04)
Mgt_0.03 2.97 (802.07) 3.03 (802.86) 2.98 (802.18)
Mgt_0.04 2.97 (802.07) 3.03 (802.92) 2.98 (802.13)
Mgt_0.05 2.98 (802.14) 3.03 (802.89) 2.98 (802.18)

T (1) FRIBREEE IR (2) PR THARF; (3) 2020—2070 4FA R TR ST BRI LAk i AR X AT THEKFF H
INIRSZ R THE L, 355 N N TARSZ IR 2070 4F AR DX B B4, 5407 . Tg

— HA®E  ---- ATRE
~37r
780 g
o 740 =35 F
B 700 =
i £ 660 ap®
S ¥z
237 60r 531
B g 580 °
2 540 g
29
S s00 | £
460 1 1 | | | ©) 27 1 1 1 | |
2020 2030 2040 2050 2060 2070 2020 2030 2040 2050 2060 2070

Ay Year

B8 2020—2070 £JIAKRR BARARESE AN LHERRE THAM LREEMHREETHES

Fig.8 Trends of ACS and carbon density under natural and artificial recovery scenarios in the western Sichuan Province from 2020 to 2070

3 it

3.1 LANDIS PRO #iRUE HMEIEAN

PERIRIW R AL 45 SR W FE oK b ST s S RTHIEE SR W) & BE iR 5 86.67% (3R 6) . AWFFAHH
RSB A BRAT A M T )1 G 3 X R b ik Ft 7 X SR B B 5 Chen 45 U F 519 2000—2017 4E A #R
T BB T 48 PH T AT 9 BH T BB 98 W TR N R H FORCTE A M A 4 R G 2R R (P>
0.05) ; HH1,2013 F1 2014 4F )1 PG b X Bl - 35 65 28 B 43 591 by 44.83Mg/hm® il 44.78Mg/hm” , S5 AR #H1&
WA NPT AR AME A BRI T O 4 SR IR — B, BRI R LANDIS PRO 554025 S HLAT 4 w8 4 o 1
PE 7)1 P4 1l X HA A A R, AT T8 7R XM G it I B . A, AR v AR W vk SR

http ; //www.ecologica.cn



14 ARVET AR AURAR AT )1 1 e DX BRI fif ok R AR B Tt A1 3 A 1S e i 223

J7 LI S5 X L R B HTHA P A 7 TR 2 R AR ACS AFEFE I 22 5 (P>0.05) ,H 2010 4F )5 3 T AEW R IA W
FRARBE At it 25 I = (181 4) (P<0.05) . X AT REVA DR T2 50 7 RS AU 0 1k MAILEE I Sz ik Z2 -4 F FLSE Y
ARG R DA S A A A RABRAR TR s (2 1) 17 IR AR SOR FTRB A A0 - R A A R 1) AR
WA HS LANDIS PRO, 2545 #R ARG 25 2 U0 -5 B AR TR 2 5 B, B A RIS AL (RS T30 ) MR 845 HiLA,
Jite , MBLER AR ERMAE Bl B fith 2 1 284k, REAS 2% UL e ZR AR AL A RE I BB 45,
3.2 AT RN VG b DX R MR kb i £ Bh A S IR B R R

“CRARE TR R IRBHAM A AB G T AR S () 1] 78 1 X R A: 28 RGE I [ i BE ) B K . 2000—
2020 4F, b X AR it BT W 20a (] H FaRAE RSN 122.37Tg, A5 F, )1 PG b DX RT3 380K X
b FRR A A R EOR TR T T30 3ok R Y 45 14 oA ol ‘%) A K B 20 (i [X A K R R S £
TR U T A Sl R 22V T A (P 1 R 5) |, AR AR B i D B

FFE AR, B 2 )1 PG DX AR AT B2 48 T, AR DX e it e AS T 2 5, S22 BT I R A e 5 2% 1 A2 b
e AHIE AR % B R B R 2 S B T 5 e it o B 2 R 1) U8 B3 5 AT IX ARG A R
TEARAAT O BRI e K MR 2504 52 2% BT I RE 7 e R — R AL R AR T ik, AR AN T
A1 VGt DX R ARTET BN (181 5) o B SRR T R AR AR T 30 - B I R T RG22 1 (3 vy
MR BN W ] 2 S PRE A R T 2 W ARTE DX Sl it o 19 SR 22 Skt (57 o LAk, B 100 vh 4l Ak ERT i 00 A=
KA [N GT IR 70 AL , B fith e RFU A M, BEME SR MR DX RIS A AR BE T 5 R A b1 %, TR U AR DX Ml b i i
BN (E S) o B AR TP 3 X ZRAR T ALY 79.24% (18] 1), & X IR ZR AR aAt 1 1Y 4K, Hoh =42
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