[EY

N

N o b

0o

10
11
12
13
14
15
16
17
18
19
20
21

22
23
24
25

26

27

CMIP5 #1 CMIP6 23X 1950-2014 FHEH
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W OE:. RINER R R E R LI (1950-2018 4F) Hh [E AR bk 5 2 4L
P BT R RN AT S B0, W EETRA CMIPS A1 CMIP6 Mtk 22 Gebi 2x v [ il s AR 4
(I 23 23 A1 e FAR AL A ARSI RE ), E— D4R FC CMIPS Fll CMIP6 -t A8 A0 50403 1) 7 7]
o RELAB B it EE A AUL 45 R IR 2R . 1995-2004 A 2 AR 25 IR B, CMIPS Al CMIP6 H
Yl T E R AR GE R (5N 28.0£6.0 Pg C, 25.3+7.7 Pg C; ESHEHIE 5N 18.1
Pg C #l1 18.7PgC) o CMIP6 BN A4 Bk 72 [A] 3 A BASEAUAL T CMIPS B, % T2 1
S febRy AR, BRI E A BTN . 1950-1990 4E, CMIPS Al CMIP6 BLfLLK)
[ X AN, 45 -89.4 Tg Cyr! M1-58.2 Tg Cyr!, H-F 1980 EACEEWE, H5H1A
—256.6 Tg C yr! fi1-171.0 Tg C yr's 1990-2014 4= CMIPS #5xA H  i 5 IR S5 (—48.1 Tg C
yr') , 1 CMIP6 #2528 ki (42.8 Tg C yr!, P<<0.05) . CMIP5 5 CMIP6
Xt e AR A Y AU ) 2 S A S ) b AR S LB DA G, MR T CMITPS K,
CMIP6 B AR M 2 E (LUH2) A [E AR RIS S 4 R W&, 1980 FAUS B AR
T 36 AR e 34 535 A 5 S o NI . AW FC 2o H T T CMIP #5407 LUHI . LUH2
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in CMIPS and CMIP6 Models during 1950-2014

WANG Yiran!, HAN Yang?, ZHANG Qian!" and CAO Fugiang?

1 State Key Laboratory of Earth Surface Processes and Resource Ecology, Faculty of
Geographical Science, Beijing Normal University, Beijing 100875

2 School of Atmospheric Sciences, Sun Yat-sen University, Zhuhai, Guangdong Province 519082
3 College of Geography, Shanxi Normal University, Taiyuan, Shanxi Province 030031

Abstract The performances of CMIP5 and CMIP6 Earth System models in
simulating China’s terrestrial vegetation biomass were assessed based on two sets of
the observation biomass carbon density data, the first to ninth (1950-2018) China
Forest Resource Inventory data and a set of remote sensing land cover data. The
impacts of different Land-Use Harmonization (LUH) datasets on vegetation biomass
simulations of CMIP5 and CMIP6 models were further explored. Our results show
that both CMIP5 and CMIP6 models overestimate China's total vegetation carbon
storage during 1995-2004 (28.0 = 6.0 Pg C for CMIP5, 25.3 = 7.7 Pg C for CMIP6,
and the two sets of reference data are 18.1 Pg C and 18.7 Pg C respectively). The
spatial distributions of vegetation carbon density as simulated in CMIP6 models are
better than those in CMIP5, with improved Taylor Skill Score(7SS) values and
reduced model uncertainties. During 1950-1990, China’s vegetation in CMIP5 and
CMIP6 are carbon sources of =89.4 Tg C yr'! and —58.2 Tg C yr'!, respectively. These
carbon sources significantly increase to —256.6 Tg C yr'! (CMIP5) and —-171.0 Tg C
yr''(CMIP6) in the 1980s. During 1990-2014, in CMIP5 the vegetation carbon
sources are much weaker (-48.1 Tg C yr'!) , while in CMIP6 those sources are
changed to weak sinks (42.8 Tg C yr!, P<0.05). The differences of China's vegetation
carbon between CMIP5 and CMIP6 are closely related to their different land change
conditions. Compared to Land-Use Harmonization (LUH1) in CMIPS5, the forest
covers and their changes in LUH2(in CMIP6) are more consistent with China Forest
Inventory data and are closer to that since 1980s. This study implies that LUH
datasets used in CMIPs have large bias from China’s forest and crop trajectories over
the past 65 years. More accurate land cover datasets are essential for improving the
simulation of vegetation carbon in the future CMIP models.

Keywords CMIPS5, CMIP6, vegetation carbon storage, forest coverage, land use change
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1 5l%

2021 4F, BeE EPEARE (UNEP) A B AR ORA B (TUCND BRG R ARy (3
F BRI SNEEIELE J7)  (Nature-based Solutions for Climate Change Mitigation) {3
(Siman etal.,2021), #§H #2050 4F, T HAMMBR TR (Nbs) BEZRDATERKS A
oA (CO2) Z110Pg (1Pg=10" 3% =10 120 o ZHE T, B Nbs SEELIRE R A
29 62%K HFRM, 24% K HEHAUKR H, HR 14%K B RS-SR4, HEHRNE
HEJE A 80 FEARMIZ) 12%H8 I 2021 445 23%, N Tk o th SR IS ARTE R 25%,
7 A 25 T B T EAS 88K /J(Tang et al., 2018; Chen etal., 2021; Yu etal., 2022). W50,
2000 AEARHE A AR XA i — 2 AR K B AR AR R S R LR STHR(Lu et all,
2018). 47 E A S RGEWIIC AN 0.2~0.25 Pg Cyr' (MG & 45, 2022), KLIHETH
7%~ 15% AL AT REHHE R RMEE T2 25, 2022) Aok 40 4F, FrEFE & RGICH 20
0.3~0.36 Pg C yr!, MX4THE3H T AN 2] 40% M40 47 8RR (Zhang et al., 2018; 7k =,
2021). HEl, MRHAEERAEE B, A E O 24N E &K e B ke E A
2. AEy “BrRrpAn” ATSIIRRN S 5%, T EHR S EUE 2030 R4 SEIL “RRIKIE” , 2060
RIS “BRPA” OrkEz,2021). BEIBE, X e AR 2 R Gl IR B ol 2Rk
SRASANE O B ARG B AR AN PEA, 0 SE AR A B A R BT 5, SeBLRE R 3
PkHE E bR A AT S

UETU-HAER, B0 v DX S A B RV S S ML T R 9, SRR I
EFEEA KRR S R Bl RN MR BRI S nh 4%, 2022). 4
i, FESEARATE SR, A I IE R R IR BRI 1 B 23 A4 B ot A i sh s 8 4k,
(R SIALEN(Yu et al., 2022; #5706 45, 2022, AR 45, 2022). [HG, T E AR RS
AN B THI I AR ST S R RGARAIAG R T T2 R . AR, EbR RS R T —R51%
P B H , W TRENDY(Sitchet al., 2015) . MsTMIP(Huntzinger et al., 2013) Al
CMIP(Taylor et al., 2012; Eyring et al., 2016)%, X8RI siife st 1=t & F1 E b &
V324 1k, B bRl AR EL e Il (CMITP) £ 32t J& 31 28 75 3 (CMIP6(Eyring etal., 2016)),
SRR TSR AL T KR BRI A HE, 25K IPCC 4R 4 (¥ Rk . HhER R
SR AR A I R % a2 A LR L TG AR R A I B T H AR E 4%, 2019). CMIP6
5 CMIP5(Taylor etal., 2012)ff+F T R AFRATH:, 1 CMIPS #Ex0AH L, CMIP6 Hh #5485 =0 7E it
HuBRAS ULy TS 21 2 it , AR o R S PR RIS AR 4y . eI L
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iR A B DL A B B BRI LRSS (W et al., 2022).

4 I FE A R BRI AR ) T EE R A KA COp WREETH T AU LS R F 224k
(Bud 45, 2022; AMEE 48, 2022). ZEWFFNNRS COp MEETH /2 i J L4 A BRFG
BICHG N 2K Jy, A 2 M7 A B R BRI COx WP 88Uy 5.73 Pg
C/100ppm(Fernandez-Martinez et al., 2019). 21 tH2d LK, - HuA) AL BRHE IR Z2 B oM 4=
R Bl Y18 I ) OB IR 3R (Piao etal., 2018) . 75 HEI X3, M B AE Y RBE SRR AT
FIXHESR, W Kong 57(2022)0T 70 R I LA EY & 5 B K SR RIEM S, MHEA IREZ

et R e A L DX AR A A B, A A AT T DX B AR A A U T B
Hath . R Z TR T BRI T RS COp IR TR A RS, 30 FH AR 0 A
i 20-21 20l R AR Ak 1) 32 5[5 = (Song et al., 2020; Zhang et al., 2022; Yu et al., 2022).
41 Song £5(2020) %} FireMIP 4 (1) 6 DA PS5 SR o, BRI AR LX) 20
20 e ] o 2 P B AR A TTERZI N 72.42%. Yu %5(2022)5 Zhang %5(2022) (1) 51 % B
AR 5 PG X 1980 £RARE] 2050 A [ it IR A S o X 1700-1980 £E (8]
] MR FH RRHE O 52 SR B, B8AK (deforestation) SEUHIBRHERL &7 S HEE (6.17~
12.35Pg C) ) 90%LA I, AR ARSI B F Z AU AR, ARbRRAR B 2%
29 5 R HEY) 70% (Yang etal., 2023) o FH TR 4 e 5o MR FH AN BRI 4 1) 57 L - 338
19 P 5 )9 BUR (Zhang et al., 2022; Walker et al., 2022), P HEAT oy B ARRS 122 1N 25 A8 4k s
PPt 0T B AR RV SR S AL 1) Sz HASAOANH € PE SR 17 B2

EAFE R B, 2 FR R AR AR e 1 P 20701 B 8 A B it B 55 LA LB A7 AE AR
£ 5¢(Wei et al., 2022). 41 Song %(2017)%F 1995-2005 4 CMIP5 A5 3 4 BRAE Y b 55 FE 1 1A%
GERFRI, HER RGBT 1 R AR [X R 25 E S AR T B A X AR R B
#1E, HBREBARAAHENE. Yang Z5(2020) 1 T 9 DS AR BIAG 2010 4F45ER
AR B R BDACR, 48 R BB S sl 7 AR AR (P4 24%) o B
AUEWI R ZE ok | 2 07 R B, i RE DG EER . DRSS BT RN ESR, R Z 2%
BORLX A R S Bt AT A AR, SR R 7 A R Bl e i 2 57, DAL %70 &
P ) 22 %5 (Song et al., 2017; Yang et al., 2020; Song et al., 2020; Wei et al., 2022; Yu et al.,
2022). 1 E AP EBICHI AR T RBOT 70 A=A BL: 1949 fEZ2 1970 FARA K
P (22 Tg Cyr!, 1Tg=10"2 %) . 1980 FAXE 1990 FALIZHT MIRIRFE AL NI (50~
75 TgCyr') « 1990 ERJGHIZE A N5EHE (109 TgCyr!) (Miod 25, 2022). 2472t

FERE AR BE R i P IR T FE AR B AR R, L AR K B4l LUHI (Hurtt et
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al.,2011) (MsTMIP. TRENDY. CMIP5) . LUH2(Hurtt etal.,2020) (LUMIP(Lawrence etal.,
2016). CMIP6) 5 [E FRARAZAL I =B B B 22 57 (Song et al., 2020; Yu et al., 2022).
1980 AFEARHILASR,  FLIE BRbR7E o B2 453 LAKIEYR S, [ 9] LUH1 f LUH2 #fs 5 o [ #R Ak
BT 1980 FACRIFEG, T 1990 FAUEFUESZE . MELT LUHI #dE, LUH2 %R
1990 4Lk A E ARk, R ARSI — 8 2%, %A 4 b AR 55 1% E 1990 4RI
ZAWKE . BT, MARA LG AR CMIPS A1 CMIP6 452X H [l F M AR A B IR 1 A%
A BEAUL AT X6 EE VA R 73 A o

L LTI, AR SR N 2 A A REL A T 25 PR 50 A K 2 58 LR B i ) R b VS A
U, GEEAISTHRGE R, X 1950-2014 4E CMIPS. CMIP6 A5 fr) r [ [X I 4 e e 23 254k
RS AT ELIP A . E5E, XTI CMIP B53K 1995-2004 4E R 2 17 43 A ) 2 155 42
& (MME) BEATXS EEP-Al, JFARYEZe B Fabnoxs SRR SR T HEFP . FLIR B8 7 CMIPS
A1 CMIP6 552X 1138 A0 72 5750 1950 45k r [l Bl A A B YV AR AL B S o SR, Jl e 2Rk
SrATxEE CMIPS. CMIP6 AR 2O i ki B A a3, LA RIAR CMIP A3 /E AL
TR BRI THI ¥ 22 S R UL R o IS, 456 o U8 385 LUK I v ] AR b D07 2 i A
SCHEREAE, DLACGE BB, BN R A2 25 2R G0 T REL W T AR A e el fi B ) A 20 R 5 00
IG5 R ZE 57 o AHITFE 9 v [ Bl A R BRI 2 AR AL B Al SR — e Bkl IRt — 2D HauR
bt ) R A A B o v ] Bt A A B RV O RS T R AR
2 HE 5 r
2.1 TRABIEN R

AT EL CMIP5 A1 CMIP6 [ 52356 (Historical) [KIAEAERTEEE (cVeg) SHE ML o5 T

(treeFrac (FRIRFEESE) | grassFrac (MG FERE) o cropFrac CRHIFEFGE) . shrubFrac
GENERRE O AFI%WE, X 1950-2014 45 (CMIPS 2y 2004 45D Hh [ HE B Bk fih 5 14 B

B EATI T, Hod oVeg 2dl it b MR S AW R g R s . AN AU
) 73 W R AFAEZE 7, U P AR AT ARE V20K 48— H 1B 0.5°%0.5° CMIP B &4k B Earth
System Grid Federation (ESGF) [®3fi (https:/esgf-node.lInl.gov/search/cmip5/ Fl https://esgf-
node.llnl.gov/projects/cmip6/) , A CMIPS B3t 18 4>, CMIP6 01k 27 />, H4H(E R
W 1.

AR E AR IR I ARA S S (B e & 48, 202248 ST 1] (1950-2014 4F) Rl 73 =

AN BGEAT LR 0T, B 1950-1980. 1980-1990 1 1990-2014 4F. X T CMIP5 #i%Y, %=
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B BN 1990-2004 4. [ARF, CMIP6 2 0EEATE 1990-2004 AL MY B 1) A5 Ak 340 2% 1] 43

#i 5 1990-2014 FE-+4r—5L,
22 HEHHREE. ENEEESEHIEMPERNEEHIE
FRHE 2011-2015 4F 1 [E R} 22 e KBS 20 SRR I C “ NS5 ARAL BRI INIE &2

FHOC I ) ek e [ ol R A B i R 1 A 45 R (14.29£0.74 Pg C) (Tang et al., 2018),
S E P vl [ X S A Bt B S AR (R S5, DAV AR CMIP A5 2w A At sk
IR AE

IPCC Tier-1(Ruesch et al., 2008) ##fE /& 5 T &S S AR X M S AR P 2R A, 46
AR R R WELIE L PR SRR AR A A A B R A T A AR . B
A8 b _E AN R AR )R AR AL R ER R I i T A, T SRR A R A s B
GLC2000, IPCC FE o % M AR R fE 0 S B R AR b . R AR R ORD Hds
A EAR S A2 (FAO) HYAERAEZS X RIS T . TPCC Tier-1 FH [ X A8
Whkhk & 18.1 Pg C, iR 4070 Hr%0y 1km.

Xu %(2021)2 T 2001 4 MODIS T #4085 (MCD12Q1) (Friedl et al., 2015), i
FAMBTEE . JBREE LI 2000-2019 4F B 4 B T (K 2 AR R 5 DR AR, 18 Al
BRI, AR 2000-2019 R Bk L M AR IR LI EEOE (BLRRRCA
“Xuetal.2021” i) o Bl IR a643 8] 70 95508 10 km, 30T 20 48 o B XA it 50
193 Pg C. NA{EEMAILZER (19952004 4F) HHE, Xuetal.2021 FHEER 2000-2004 4
Tt T 2ME, PR L P E ISR St — 4 (E8 0.5° o Xuetal 2021 HdEml& 12
Fhok IS M A RO, s FANLAS S ) 7 % T A BRI A B ) 24T B A7
b, HAE Tz B TR TS A R G I I R 2 W PE A (Collier et al., 2018).

FRAVIE R B R A (¥ FEAbAS s B A BRBUIE 0 Chen %£(2023), {H F - HL ks o 23
IELFE R o LI 50% 0K s, ANEH] T CMIP AR B EGPRAG (CMIP HE B cVeg N
FRb. B, R SRR AP RIS R BAZ BV AT T SR

ASCEFE I (1950-1962 4E) EH LK (20142018 4E) LHARMEEHIE (https:/
www.forestdata.cn/) , 5 1950-2014 £F[a] o [ ARARANE A 56 2 1) CMIP A AU 45 R kAT
XFEEIM T o O A A L 34 MR PATBUX & 2R BRI E R



177 R 1: AT CMIPS, CMIP6 #EAZEA(E L, PIA CMIP [RIIEAE A &R
178 Table 1. The Earth System Models that participated in CMIPS and CMIP6. The ESM names in boldface indicate models participating in two phases of CMIP but in different
179 versions.

CMIP5

CMIP6 R,

B K f TR AR 2 IR ES EIES it T AR 2 IR
bee-csm1-1 H BCC_AVIMI.0 64x128 BCC-CSM2-MR H BCC-AVIM2.0 160x320
CanESM2 JIIEPN CLASS2.7+CTEMI 64x128 CanESM5 JIE DN CLASS-CTEM 192x288
CESM1-BGC FEH CLM4 192x288 CESM2 EH CLM5 64x128
GFDL-ESM2G % LM3 90x144 GFDL-ESM4 % LM4.1 180%288
HadGEM2-ES [ JULES+TRIFFID 145x192 UKESM1-0-LL o [ JULES-ES-1.0 144x192
IPSL-CM5A-LR eS| ORCHIDEE 96x96 IPSL-CM6A-LR eS| ORCHIDEE v2 143x144
MIROC-ESM HA MATSIRO+SEIB- 64x128 MIROC-ES2L HA MATSIRO VISIT- 64x128
DGVM s

MPI-ESM-LR 7 5] JSBACH+BETHY 96x192 MPI-ESM1-2-LR 7 5] JSBACH 3.2 96x192
NorESM1-ME 799 CLM4 96x144 NorESM2-LM Mk CLM5 96x 144
BNU-ESM Hh CoLM+BNU-DGVM 64x128 ACCESS-ESM1-5 WORFAE. CABLE2 4 145x192
CCSM4 X H CLM4 192x288 AWI-ESM-1-1-LR 7 5] JSBACH 3.20 96x192
cesml 2bgc % H CLM4 192x288 BCC-ESM1 H BCC-AVIM2.0 64x128
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HadGEM2-CC

inmcm4

IPSL-CM5A-MR

MIROC-ESM-

CHEM

MRI-ESM1

NorESM1-M

Je ]

(e}

PPE]
HA

HA
1194

JULES+TRIFFID

LSMI1.0

ORCHIDEE

MATSIRO+SEIB-

DGVM

AGCM

CLM4

145x192

120x180

143x144

64x128

160x320

96x144

CESM2-FV2
CESM2-WACCM
CMCC-CM2-SR5

CMCC-ESM2

EC-Earth3-CC
EC-Earth3-Veg
EC-Earth3-Veg-LR
IPSL-CM5A2-INCA
IPSL-CM6A-LR-
INCA
KIOST-ESM
MPI-ESM-1-2-HAM
NorCPM1
NorESM2-MM
SAMO-UNICON

TaiESM1

KH
KH
BRA
BRA

el
R
R

i
&
Rk
1Y
i
i

CLM5

CLM5

CLM4.5

CLM4.5

HTESSEL

HTESSEL

HTESSEL

ORCHIDEE v2

ORCHIDEE v2

CLM4

JSBACH 3.2

CLM5

CLM5

CLM4.0

CLM4.0

192x288

96x144

192x288

192x288

256x512

256x512

160x320

96x96

143x144

96x192

96x192

96x144

192x288

192x288

192x288
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4k, R Xia 5(2023) KA 1980-2021 48 [ Lt ) 7 S5 AR (L B 58 (LU AR
N “Xiaetal2023 Hlls” O, WS 55 AR ) A HEAT XS EEIGAIE . s AR A [ AR
ARG 7 SRR 20 FhE R A P i AR R, REMS AR M AR AT LAk
[ AR S AR AR S, JF BRSNS A 3] 76.9%31] 99.4%Z 8] Xia et al. 2023
B R 09 0.1° , N7 SHRBERILE, HIHHEEN 05° .

AR SCASE R R A B SRR R e O P v AR S S XA R A A s (hitt
ps://www.resdc.cn/) , K¢ E TR R AL b PEAE. HEARL TR R A
PR ASRIX, DU AR IXRURE b 2 A AL i i B 0 20 A1 6 Sy S AR A a3
23 MIRAE
2.3.1 ZREEMZBEEPEy

Z2 )11 (Taylor, 2001) RIS (A 1 4 [ AR AR AR 25 2 O RS Y Kt 15 2 2% 5080 - 1A ) 4 ) AH
REH PREZHEMYTRREZERZ=AMER, FTUBOVE M PR BSEEOR, iR
BB HHARIT, BAEIRE ST . RV R R B R A

A CAE I ZE#HIES> (Taylor Skill Score, TSS) X CMIP5 £ CMIP6 A5 ARl By 35 JF Fy A
WRCRBAT SR GV, . BRIV SR GBS, R IRARHEZ T Gt THEbR, B AEAS A4k
J b B ARSI AR A B 2 13 5 S R (N R AR P, I BRI I 4R . ZR V0
Pl 1, ARFMABIL R 5 S B HER AT R, BB R AT . TSS HRAx
FTEEL A R PR

TSs = 4(1-+;04 o
(sdr-+§%7) (14 1y

o, g NEKAHSCREL, VB AE TSI A B AR G, B B 0,999,

T R (KRB 2 PR B 5 2 R 2 I A TR O R B, A b A 7
I B RIOEVIREE, FoRA:

Ty (X - F)(Y - 7)

"= oXaoY ©

Xiv Yo MOORE R B A% s BN BUE I 2B, X Y2 B A 2
BRHARNIIE, KRR, oX. oY MHINEREEE . SRR L ibriEZ, W
FHIR:
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221
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224

225

226

227

228

229

230

231

232

o, (% - X)°

oX = ’—n 3)
\’ n

—\ 2
oY = M 4

sdr NSRBI PR IE 7 5 S BB bR e M LB, AR R AR LG T 25 500 0 i 79

PR
sdr = — (5)

2.3.2 Theil-Sen f} %A1t

KM Theil-Sen Median &%ttt (Sen #H A1) Al Mann-Kendall %% (MK i
5D J7ik, NFEROREE . BRAEE AR B AR A BT T AR SR . Sen BT
(Sen, 1968)je — i (A B Gt RS H 57, INETERE S, N T ERESEA
B, X R RA BRI EENE, B S MK RS, HatEA20s:

B = Median (ﬁ) vj>i (6)

B>0 RKBHNIE, Rz N. i jA—BINAFEH ERAEREMDMNZ], x . xA03%
RIRS AR b CRERR BB AR 75 %), Median(OfRFIH{H.
233 RBEKNMh

N T IX5) CMIP5 Fl CMIP6 #5E AR B AR IR SR 22 5, AN SO TR CRR B, SR T e
FEBS 0 AR CMIP AR A ki B (K AR AL R 35 AT SRR 7 T (Tto et al, 2020). # %6, fEEH]
1950 4F A HMEXT 1950-1980. 1980-1990. 1990-2014 A Bl Bk fits &t (1) AL 343 AT AR AL,
ARER,  THEAS [FIRR R = A S it AR A B B BRI B d »

n

2 ..
dj; = Z(xik - jk) (G,j=12,,m) (7
k=1

Heb, o is j AR m ONERREECRE; bk N n=3, =
AN X~ xpe ARG © S S ARRIAESS ke AR ik R AR S
WCBE B ORI R R SR R &R, BUE D, Fon R 2 (e Bl 2 5, AR A ) R
I S BB A% A I B A AT SRS T ARFIE SREREE AL, X CMIPS Al CMIP6 45 2 AR Bk £

PAE =N R A A B AT X L BT
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249

3 %

3.1 1995-2004 £F Fh [EfE# ik fi EARIULE RITEE 47

B, HTSHHE (A IPCC Tier-1 Al Xuetal.2021) , Xf 1995-2004 4EFi1{ CMIP 4
UH 10 F-FIRE % B2 MME HI 25 20 A 0L 45 R AT PRAd . & 1, CMIPS 5 CMIP6
AT CABF PRI 1995-2004 4 r ] X IR A e 2 JE2 1) 25 1) 3 AT RS AIE , RIS WM R 47 S 2R Pl e
PUALIRE) o Aii#s = (18] 1as by d M g) o FEAERREE B2 5 v [ A B /K R OB B AT S A 5
PR CMIP AR b 249 EASLALL H b [ A48 B 1 93 A1 ) 2 BE AR e T B KX — 5 o A
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Fig.1 Map of China’s vegetation carbon density of CMIPS, CMIP6 models and observation data, and their
differences during 1995-2004 ( kg C m2)

(a) CMIPS5; (b) CMIP6; (c) difference between CMIP5 andCMIP6 ; (d) IPCC Tier-1; (e)difference between CMIP5
and IPCC Tier-1; (f) difference between CMIP6 and IPCC Tier-1; (g) Xu et al.2021; (h)difference between CMIP5
and Xu et al.2021; (i) difference between CMIP6 and Xu et al.2021 ; (c) uses Student's T-test to test the
significance of the difference between CMIP5 and CMIP6, dotted areas are statistically significant at the 95% level
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Fig. 2 Map of forest and crop coverage and their differences during 1995-2004 (%)
(a~ c) forest; (d ~ f) differences of forest; (g ~ i) crop; (j ~ 1) differences of crop. All dotted areas of (f and 1) are
statistically significant at the 95% level
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Fig.3 Vegetation carbon storage of in six regions of China from 1995 to 2004 (Pg C)

(a) Northeast (b) North China (c) Northwest (d) East China (e) Central South (f) Southwest. Red represents IPCC
Tier-1, yellow represents Xu et al.2021, blue represents CMIP5 models, and green represents CMIP6 models, in
which the solid represents all models and the shadow represents models which joined both CMIP5 and CMIP6 but
in different versions; Bar error indicates standard deviation between models.
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Fig.4 The Taylor diagrams of vegetation carbon density of CMIPS and CMIP6 during 1995-2004
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(a ~b) all CMIP5 models and MME(17); (b) all CMIP6 models and MME(27); (c)models which joined both
CMIPS5 and CMIP6 but in different versions and MME(9). The reference data used in Fig.4 (a. ¢ ¢)is IPCC
Tier-1, and the reference data used in Fig.4 (b. d. f)is Xu et al.2021. All types of MME are represented by five-
pointed stars. MME(17) of CMIP5 does not include BNU-ESM.
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and the reference data used in Fig.5 (¢ d) is Xu et al.2021.
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Fig.5 TSS of vegetation carbon density of CMIPS (a. ¢) and CMIP6 (b. d)

Taylor Skill Score is used to measure the simulation ability of models. Each model is sorted according to the
national Taylor Skill Score from the largest to the smallest. The reference data used in Fig.5 (a. b) is IPCC Tier-1,

joined both CMIP5 and CMIP6 but in different versions;
of all CMIP5 and CMIP6 models respectively (except BNU-ESM in CMIP5).
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Fig.6 Change of China's land vegetation carbon storage of CMIP5 (a) and CMIP6 (b) during 1950-2014
The dotted and blue solid lines show the individual models and multi-model ensemble mean, respectively. Black
solid lines represent Xu et al.2021 .
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Fig.7 Trends of China's land vegetation carbon density of Xu et al.2021 (c) in 2000-2014, CMIPS (a ~b) and
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Dotted areas are statistically significant at the 95% level
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60 | (a) 50 | (b) 18 (c) 18 | (d)
- 50 ¢ 40 F 15 ;“_’/ 15
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[ 8 1950-2014 £F CMIP5 1 CMIP6 ZiEHBER T, BRIR%.
(afie) Mk, EPHEEESKREFERZSE/UR (19502013 F) REFKEEHE; b =H
#; (cfg) KH; (dMh) EMBEZRE
Fig.8 Change of vegetation coverage in CMIP5 and CMIP6 during 1950-2014 (%).
(a and e) forest, the black dots represent the first to eighth (1950-2013) China Forest Resource Inventory data; (b
and f) grassland; (c and g) crop; (d and h) shrub coverage

1950-1990 4F, BRVGALAA IR/ D E 5 HIX, CMIPS F1 CMIP6 #5554 [B AR bR 5 2 K
MR RRAR, JCHAE P R AR A R e R At X PR IR S N B2 (<-0.1% yr'D) (B 9afle)
1990-2014 4, KHER7 X CMIPS LA 2 B4R g (18 9b) , T CMIP6
AR 55 ARG (B9 o 7EZ A4 A b, CMIPS F1 CMIP6 it ARk 7 2
ESEMmEE (B 7 FAREH T —8. 1950-1990 4, 34 7 [A)FH X R EHE
CMIP5 #2204 0.54, 7£ CMIP6 B0 R 0.76, BRIERHLIXAb, A SEX CMIP6 H1
P PIE AR R B = T CMIPS #523. anZRJbHIX, P9 I 28 [A) AH 5K RALAE CMIP6
40.93, fE£ CMIP5 104 0.55. 1990-2014 4F, 4= [EHMRKE L5 AR 75 B2 AR 3 BT
KEZKAE CMIPS F1 CMIP6 B 14373y 0.48 F10.50.

AR 5 AR 35 P AR AR LSRR S [ 0 A bR ARG, HF s (B9 .
1990-2014 4,  ZRHSFH R RS 73 Hb [X R H 7 75 FEAE CMIPS A oRIESE il (>0.3% yr

» B9d) , fE CMIP6 R A IZHT s> (B Oh) o AR FHAE i JEE ) AR Aka 35 1 O3 ) o3 A

ARG M, N 1 [FJ I S0IAR AR L S 55 SR R AR B2 AT I 0L o 1990 4 J5 4K 7 i B2 AE
CMIP5 Hi1 CMIP6 #E A b IR BUH [ AR % (1 9d 1 b)), F 2R T PR U £
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AR IR AR AR ZE R . KT LUHL 5 (CMIPS) , i A¥dE4E HYDE 3.1

(Historical Database of the Global Environment, LA FfEi#Z“HYDE”) (Goldewijk et al.,
2011) AR HALE 1980-2000 4F ] KigEE i (B 8c) , SFEUAR Y LUHT ¥ o ZR AR H AR SR
NF% (B 8a) (Songetal., 2020). FE A& HHEAE 1980 FEFF4h N FFGREE 25, 2013),
HYDE 3.1 # 5 f & F AR (LRI R [ SE Rt Bl 22 S0k, KRR WARE, B A
A PR 1 7% R A R PSS = 2 I R 4R 1 4 28 70 R IR R 2 36 4%, 2013). AHLEL
LUHI %45, LUH2 %48 (CMIP6) HIFRARIHARAE 1990 fF /521N (Kl 8e) , SH KA
MO A LG R N5, XATRES LUH2 Bl E@ 08 T RS HHIEE, I Landsat 18/
Bim, 555 T 1980 ARG ARMAR K (I 23 70 A1 b R A % (Hurtt et al., 2020).

3k 1980 EARE UM B it B 55 AR IRIAR H BILOKIE FAEAIG, 22805 F LUH Hdls b A<

TR AR LEAZIN 1) & A4 384 (Song et al., 2020; Yu et al., 2022). LUH [{FEREEHE R FAO )15
AR A TR B - 1982 4F 2 AT, FAO i il R A ROV 2 i Ge it #idls . | T~ 40
BITEVL AR AR EARBOREE R, o B RO 48 B S T8 2T R 2 (A H T
o £ 1982-2007 £E 2 [6], FAO it >R A o [ = BRI e vH AR S5 iR A« T T AR it e 00
BINERSHE, HGTHERZE R T b B AR SR A R8s, RIAE FAO ik o5 odls vh 3 H
A< FHTETARAE 1980 4EARH BB (Yu et al., 2022). LUH 347K T FAO #45 ' 1980 4E4Cr
[l FH TR SO 4 %, (A1 BRI S AR AR DA R R, 53R 1980 AEARARMIE
)45 A o

(a) tree 1950-1990 (b) tree 1990-2004 (c) crop 1950-1990 (d) crop 1990-2004
60°N ' i ’

5

D 40N

CMIP.

20°N M

(e) tree 1950-1990
60N

40N

CMIP6

20N F

% yr'

& 9 1950-1990 550 1990-2014 £ CMIPS (a~d) F1 CMIP6 (e~h) HIFH, RAWEFTILEE
(BfL: % yr?)
T RXEHEET 95%M EE I
Fig.9 Trends of forest and crop coverage of CMIP5 (a ~ d) and CMIP6 (e ~ h) during 1950-1990 and 1990-
2014 (% yr1)
Dotted areas are statistically significant at the 95% level
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M FH 5320 B 9 00 5% I S0 AR AR iR it AR AL R B3k AT SR 2K 70 i, CMITPS 1 CMIIP6 H5E
AIRE AR IR AE 1950-1980+ 1980-1990. 1990-2014 =A™ $ R 5y A5 A0 i 3 ) i AR A8 fb
FFEZE S UNE 10 . CMIPS 55 CMIP6 A5 AR ARk it 5 AR A i 34 3 A B Jm — I 30
(1990-2014 1) fFEZ 5 {£ CMIPS N2 O NIRIE, 75 CMIP6 1) 2 BB rb i
i (El6) o il 10a s, CMIPS HoRHR AR (10/18) FRAE Bl bk fh B A2 =M U1 RR 45
TR, AUH 3 AR BB RSN (BNU-ESM. inmem4. bee-csml-1) , Ho
BNU-ESM H 4 it 2 AN W84 BT i 55 FACBEIIE 78 B AAE R, Jo Lt s A 3 R A AR
BB 5(Ji et al., 2014); inmemd EAFAE T HE 558 4, (HH R E X5 20 20
MR LA S CMIPS KES AN, B3 AN 4 inmemd4 BEH0L I AR AR TR
B0, AT RS = AR IS (3.52 X 10%km? yr, 15.50 X 10%km? yr'!)
5 AN AR IR AR T AR EMEE (—4.15 X 10%km? yr') W5 A5 A2 sk fh B o 4
s bee-csm1-1 R A 48 1 i I R AT e 5 5 3 5645 BE RIS AT I AR L fR
AARH R (EEETE 4%, 2015). CMIP6 HRFR S (20/27)  FOARLAR R fif 58 7l 91 I 930
A, FERJE— RN (B 10b) o AU 2 AME I AR Bk i B 7E = AN AR
(IPSL-CM6A-LR-INCA. MIROC-ES2L) , 5 5 MEAM b hiefiti = Hr4: N & (MPI-
ESM-1-2-HAM. GFDL-ESM4. SAMO-UNICON. KIOST-ESM. UKESMI-0-LL) . *f 9 4>
[F JE A 2 PR A e ity B DA = /NI AR AR 3 AT TR T A B — B R, BIR
4y CMIP5 #38 (5/9) BRAMFRIAE sk fi B/ = AN RS> (B 100) , K4 CMIP6
B (6/9) MR B i 5 7E TP /NI SR D TR BRJE — NS i (B 10d) .
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B 10 FHSERHE (1950-2014) HEFEEAEETHEHNRESITE
(a) CMIP5 FRBHER; (b) CMIP6 FRBHE; (cFd) CMIPS F1 CMIP6 RIEJFAR
Fig.10 Cluster analysis diagram of vegetation carbon storage change patterns in historical period
(1950-2014)
(a) all CMIP5 models; (b) all CMIP6 models; (¢ and d) models which joined both CMIP5 and CMIP6 but in
different versions

A SCHEPIAR CMIP A5 3835 HE e S8 ) T APURT B f 1245 7 0 e B R P 8 0 28 000 DA%
oAt R B0 S48 AT LRI T (R 2D o STFARAR, CMIPS B AR 1 5k it 2 5 7k
MRIFRRAE D7 kTS ZE AR 3 T CMIP6,  H CMIPS AR AR AR = o) ANl o 1 2 3 KT
CMIP6, fEEEIUIR A /N IRARMIE A WA (1989-2003 4E) , CMIPS F1 CMIP6 ARMAR
fit B ARDME (12.0~13.8 Pg C) HURHR M T B Am A 55MH (3.8~6.2Pg C) ity
5 72 45 (B 2% 2%, 2000; Pan et al., 2004; Zhao et al., 2006; Fang et al., 2007), 3 ZJ§ T3
(AR PR T AR BA S 5 T R SRR MRS A 25000 - 58 LR E 58 ) \ AR RIS 25 H1F] (2004-2013
), CMIP6 AR % EAREME (124 Pg C) 5 HABIE T WM 554 (10.48~

11.49 Pg C) ELEWI4 (Tang et al., 2018; Xu et al., 2018), [AHf I CMIP6 FRAKTHFR 5iE 2 Al
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M BT . 3R 2 BoR CMIPS Fil CMIP6 314 A B 5 S A 40U AR ARt B D
[ = A S AVAAL BE . CMIPS A5 AR AR AR Bk i B 7E DA = AN BB NBRIE,  CMIP6 A
PR ARAREL A Bk fh T 7E 58 = BOABRUE RS R 2 998, BRI K/ A 233 Tg Cyr!

(p<0.05) . HErHEFEEEIE T E 1980 4484 2000 FEARIH A AR KI5 HAE 75~
116 Tg C yr' 2 [i](Fang et al., 2007; Piao et al., 2009; Pan et al., 2011; Fang et al., 2018; Chen et
al., 2023), JLF-#& [ CMIP6 £ 545 R 3~5 5.

XFT R, R 2 SIS A A A AL, CMIPS Al CMIP6 By mfili 1
AR Pl B EIR A T ST A (NG, 2002; Piao et al., 2007; Fang et al., 2010; Tang et al.,
2018; Xu et al., 2018), FHI CMIPS5 Al CMIP6 A3l 7 F L s . (|| 1) o
B B R Al AR 25 L HAE I BRIE (1982-1999) (Piao et al., 2007)#5 48 ZE 5555 (2001-
2010) (Fangetal., 2018), {H CMIP5 5 CMIP6 # 0I5 AL RIX —H4 . CMIPS fRa i &
HiE 1980 AR A 2000 FARY]— EUNBIE (=33.1 TgCyr!) , CMIP6 # = B £y
1980 “EARIARIR (=52.7 Tg C yr')) HAF 9 1990 4EXE 2010 FEARIAKIC (17.7 Tg C yr
DI

X FACH, CMIP6 A5 1 4% HAE B B filg B RIAR TR S CMIIPS B B 3wk . 5
BT WAL FAREL, CMIPS Al CMIP6 M8 s il 1R R BB it &, A 1 R FH I AR
(Tang et al., 2018). SEHAHLL, CMIP5 Fl CMIP6 105 25wl 17 A% T (R A B 5 5

XPTHEMN, SEETHUEE ARG FAEAEL, CMIPS BEICh 1 HE MR 1 ik it 2,
CMIP6 HEUHE M & 5 Xu S5 Q018G S BV & . REENH 1980 FLE4
—HNBRIC(# 7t E 45, 2022), {H CMIP5 F1 CMIP6 FEz A iE M F 1980 FEALHIE 2000 AR
¥I—E N, HAKNHIN-6.2 Tg Cyr! fil-1.3 Tg C yr!, CMIP6 12 1 #E AR 4B Ak
BIEZ SRR (1.2 TgCyr!)

ANTRIBIF FE AR 5 [7) — A S0 44h T V5 25 B8040 o) Rl e i B O A B 4 R 2 ROk (BR 2D
R T & STHRR BN BR AR AR S Gt T AN e e —300h, Hptd B AL BTk A E R
a1 FE 455 (2000) A1 Pan £5(2004) A A E-ERUE, @AY R E AR (] 1)
[ 577 FEAG 5L 1989-1993 SEARMAEBRRAE &, PRI MG SLEE R ELBHEIT, 735008 42 Pg C
1434 Pg Co Ni(2001) UM FH P (i B THG R FE vl AT A0 B, IR M AR AR B e i A
HAE N 911 Pg C, itm THRIE AR, A, RO 2R EG AT BTS2
5BV DHSHE I, FECFRIS RAEERCRI R Z G E %, 2021).
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Table 2: Comparison on area and carbon stocks of various types of vegetation

2. HARBEWHRSEFREERLLE

BRI A A (x10%km?)

F R LR R (Pg O)

I 34 CMIP5 CMIP6 AIER HAMR SR CMIP5 CMIP6 HAh R FE 45 R
AL | 1950-1962 272.6+134.8 233.0439.0  113.36 17.348.1  14.8+6.0
(H IO
1973-1976 260.1+129.0 224.8+40.8  121.86 16.0£7.7  13.9+5.8
(CE—10
1977-1981 256.0+127.0 221.7+4412 11528 157475 13.6+5.8
CE V0
1984-1988 244.4+121.4 209.2442.0  124.65 14.6£7.0  12.5+5.5
(E=00
1989-1993 236.5+118.0 202.0+442.6  133.70 127.06 (Ni, 2001). 13.846.7  12.0£54  6.2(F L% %%, 2000). 4.2(X|
€19 108.6(Pan et al., 2004). 4 2000). 9.11 (Ni, 2001).
91.43 (Zhao et al., 2006) 4.34(Pan et al., 2004).
3.78(Zhao et al., 2006).
1994-1998 232.5+115.5 202.5+442.7  158.94 105.82(Fang et al., 2001) 13.546.7  12.1+5.4
RO
1999-2003 227.7+113.4 202.6+42.7 17491 142.8(Fang et al., 2007) 13.346.7 122454  5.85(Fang et al., 2007). 5.51(1%
(BN R &, 2007)
2004-2008 202.9+42.9  195.45 12.245.4
BV
2009-2013 204.9+43.1  207.69 12.545.5
(B )\VO
2004-2014 204.0£43.0  220.45*  195.89(Xu etal., 2018) 124455  11.49+3.18(Xu et al., 2018)
2011-2015 205.24+43.0 188.20(Tang et al., 2018) 12.545.5  10.48+2.02(Tang et al., 2018)
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534
535
536
537

10.9(Chen et al., 2023)

FHh | 1981-1988 184.6+178.8 272.5+141.8 298.97(Ni, 2002). 4.2+3.9 5.0£3.1 3.06(Ni, 2002). 1.05(Piao et al.,
334.1(Piao et al., 2007). 2007). 0.99(Fang et al., 2010)
331.4(Fang et al., 2010)
2003-2004 181.2+179.9 271.5+140.0 331(Fan et al., 2008) 3.843.5 5.0£3.1 3.32(Fan et al., 2008)
2004-2014 278.2+139.1 280.44(Xu et al., 2018) 5.3+£3.2 1.9440.55(Xu et al., 2018)
2011-2015 278.2+139.1 281.3(Tang et al., 2018) 5.3+£3.2 1.35+0.47(Tang et al., 2018)
AH | 1979 107.8+14.3 86.9+29.6 I51(Yuetal., 2021) 3.7+0.6 3.1£1.5
2004-2014 149.8+20.8° 104.3+33.9 171.53(Xu et al., 2018) 4.4+0.9b 3.3£1.6
2011-2015 102.3+32.9 171.3(Tang et al., 2018) 3.3£1.6 0.55%0.02(Tang et al., 2018)
2016 101.9+32.9 134.92(Yu et al., 2021) 3.3%1.5
BEN | 2004-2008 34.1£21.6 21.6+31.2 53.65 0.22+0.1  0.40+0.69
2009-2013 21.84£31.3 55.90 0.41+0.70
2004-2014 22.0+31.3 77.69(Xu et al., 2018) 0.41£0.71 0.44+0.10(Xu et al., 2018)
2011-2015 22.0+31.3 74.3(Tang et al., 2018) 0.41+0.71 0.71+0.23(Tang et al., 2018)

RN B, KAFEMBEEE CMIPS FoA1EELT 124 84N 6 N1 4 MR, 7E CMIP6 A RIERLT 17 4N 15 4 17 N0 10 MER.

a: K 2014-2018 FL2E BN REEMHRNER

b: 7K 2004 £ CMIP5 & HOIEINE

Note: For forest, grassland, crop and shrub coverage, 12, 8, 6 and 4 models were selected in CMIP5, and 17, 15, 17 and 10 models were selected in CMIP6.

a: The forest area of the ninth China Forest Resource Inventory (2014-2018)

b: The values are simulated by CMIP5 in 2004.
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4 ikt

ARICAEF CMIPS. CMIP6 J7j 52356 (Historical) [/ Bl Bk 25 FE AR 4 7 o B 0,
eI T PV A BRI B 2 P VAL 1995-2004 4 A Rt ro [ it R Al 5t 235 14 PO A5 90
BE71, FHIK, X CMIPS. CMIP6 ALK 1950-2014 4 rf [ Fafi b AT b b fih &2 (1) A8 ALk 53k 47
Xof HEPPAtT, I 45 B v [ AR AR B U505 2 800 A RE SR R I s, 1 — AR ST A T AR A 0f
CMIP AR B bk i B BE . R L5 T

CMIP5 5 CMIP6 R & Al AR s FEEIL 1995-2004 4 r ] X SslAE ol e 2 82 14 2 ]
IR . BT 5 5 CMIP6 3 0x o [ XA R B BE AL T~ CMIPS . AHEL T~ CMIPS,
CMIP6 5ZE ML INV)E, FCRAHE M. FHZREE 3 48hn v PIAR CMIP B
2N 1995-2004 44 [E R B 2 B2 25 1) 43 A1 (RSN AR 75, 7E[EVE Y, CMIP6 # A2 )
FEFRMME (IPCC Tier-1: 0.40; Xu et al.2021: 0.43) #JKF CMIPS (IPCC Tier-1: 0.34;
Xuetal2021: 0.32) o LT HR—HEK, B MME 525845V &, RIS HALE
B RENS A BB 1 — A O] o [ DR e B 2 18] AR RS . SR P B INH s, CMIPS
BRABOR B 4 (A5 30E MPI-ESM-LR, 5 72 32 BNU-ESM; CMIP6 H IR B i
A E CanESMS (Z5 5144 IPCC Tier-1) 1 EC-Earth3-Veg (% 448 y Xuetal.2021) ,
B E IR NorCPMI . ¥ F P EISL 10 5 25 Bl 1 PPl 45 SRR 0, AR %
1553 X Byl 7R R A B, JUHAEARILFIP R IX,  BRAEARHIX (IPCC Tier-1) o Al Xu
et al.2021 HHEAHLL, IPCC Tier-1 E4fE 76 A6 A A pig 3 X AR RE R e v, 6 ARG 3 DX AR A sk
W O G, R i T e R 78 o6 5l P B AR T ARAE AR DX AR SRR, MBS
R 7E A T AN % DX 3 CMIP AR A BBl i % 2 1) 9 A (KD VP4 45 SRR — B, S5 508 %
FEAFEME AL 45 R

CMIP5 5 CMIP6 B R REH AT A IR B AR ARAE AR RIS = A ML Y B B X AR AL AE B
F—BrBe (1949 £E5 1970 SR ol 55 —BrBe (1980 AT A 1990 40 BRI
HARERE, HEM B (1990 FAUE IS BRI TR, CMIP AR BN - [ b 4 7
B BONTIIRIE, 28 N-73.9 TgCyr! (CMIP5) . —49.4TgCyr! (CMIP6) , 7E4 —Fr
BONBBEIRIE, 725 8-256.6 TgCyr! (CMIP5) . —171.0 TgCyr! (CMIP6) . fEH=HrEX,
CMIP5 2 PR M U R 55 25 -48.1 Tg C yr!, CMIP6 A5 2 A fali iU e MBI 6 A8 2 B

(42.8 TgCyr") , {EAXA [R] A A FL A 3 T3 2 AOUEI 5 4k 545 R 11 30%~50%(Fang et al.,

2007; Jiang et al., 2016). &L HKUL, CMIP6 FLAE 1990 AR LG FHE AT A8 bk A5
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L CMIPS R SR, 5 377 2 R0 B0 A1t 5 [ o 0 v [0 XS s s V1 P e 34
—3}(Tang et al., 2018; Chen et al., 2023). {EAFERENILZL, M CMIPS 3, CMIP6 FHH K
i BA SR R D, BEEmERMIRRGRE, kg 8 E =R &)
I FE(Eyring et al., 2019). AL A R K IR BOR S 49 43R 2 IR A7 2 35 IEAH G
(Yang etal., 2021), FHFFCIESE CMIP6 A2kt v [T T4 SAAF P 357 AR o K ) B 2R 0
fliF CMIP5(You etal., 2021; Yang etal., 2021), iX 7] §& & CMIP6 FE# ik 2 5 (AU CMIPS
LA BT I SR 2 —

CMIP A5 3 AL B At B AR AL 5 e = o A T ARG DL DA R . 1950-1990 4 3]
CMIPS 52X 4 [ R A B 2 P -5 AR M T 8 AR b R 34 1) 2 TR KOG RO 0.54, CMITP6 A XY
S [AASERECN 0.76. 1990-2014 4E ], CMIPS (1990-2004) . CMIP6 #5524 [ AH 56 5
o 0.48 F110.50. HHEL T 1950-1990 4K, 1990-2014 AR CMIP 535 B R4 ik 2%
JE 5 R o B2 AR AR S N R, XATRE S 1990 4EAE Lt AR R B kg5, AT
H At R 0T e [ o AL A B K R MR X S B 56 (8 B cv e Al @) o BREHORIAIAh, Hodth
REMAEEN . KR COIRET R A BT x b B BIC A T (s &,
2022; At 4%, 2022), (H&BFFON HAR TTERAIAG FOFA— 2. 0 Yu 55(2022)145 K&
W, BREHORIARAGAN (70%) ARG IR e ps it B, L DTRED 5 20% 24, TR
CO, VR RV I 26 HAh BF 30 R4 Bk B (I R/ . Zhang %5(2022) £ I 2SR A4 11
45 RIRTE SSP126 155, 2015-2060 4F #R K7 5 23 2 rh [ A SRR eI K2 bt Hu BV
MEFHEER, HUE RS CO RN, 1A, He Z5Q019) AR 7 AR K
PR CO I FH TR RV A8 388 Jam 55 v [Tk BV (D 206, F 9T S22 2000 4FAX r 6 ot BV 386
INFZIHE TR (56.3%) 5 W5 T+ T BRI BRI P 7K 5y SR Y 75 1)
B IMAKRL o SRMTZAI T8I AR L& MR AR AR 520 o AR N1 — 25 B A U A0 v [ A
SR Bt BRI AR NS TR

1980-1990 £, CMIP5 A1 CMIP6 1 x AR A A0 i) r [ i AR e 24 s, 52T
BB U 45 A ) (Fang etal., 2007). 1990 /5, CMIP6 FEAR #Y B IR F5 A5 MBI, 5
B FIE A AL B A5 545 BN —S(Fang et al., 2007; Jiang et al., 2016). 1980-1990 4E
8], 452  E Hb AR A (LUH 1 LUH2) HofR B A, AR AR SURED (Yu et al., 2022).
CMIP6 +- 1 s 04l (LUH2) , ZIE T LUHI %8s 1990 45 i Hh B AR H AR i o A ik
A, T [R] A A A RS 2 1 25 SR CRDAR AR AR 39 0, AR FH TR AR Jek2b ) (Hurtt et al., 2020).
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