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Abstract: The capability of the new generation dynamic vegetation model CLMS-FATES (Community Land
Model version 5 - Functionally Assembled Terrestrial Ecosystem Simulator) for the distribution of mixed needleleaf
and broadleaf forest in the Changbai Mountains urgently needs to be evaluated, which is of great significance for the
development of the new generation of models. Based on the maximum carboxylation rate at 25 °C, specific leaf area,
and leaf longevity, this paper first explores the parameter sensitivity of the distribution of mixed needleleaf and
broadleaf forest in the Changbai Mountains in the CLM5-FATES model, and then investigates the model’s ability to
simulate the distribution of these forests. The study finds that different combinations of trait parameters significantly
affect the distribution of vegetation types in the region. The maximum carboxylation rate at 25 °C and specific leaf
area have a greater impact compared to leaf longevity. Under an appropriate combination of trait parameters, the
CLMS5-FATES model can reproduce the observed distribution of mixed needleleaf and broadleaf forest in the
Changbai Mountains. This study validates the applicability of the model to the mixed needleleaf and broadleaf forest
in the Changbai Mountains, providing crucial support for further research on climate-vegetation interactions.
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TEREAE Bl AR M R ) 4k, 5 KRR AEAEE SR MAHEAEA (Bonan, 2008). —J7
T, MAEPDAN A A AR B BB (10 3 B 0 AT A AR, 52 3 S B3R S U AR S 10 S 35 5
(Piaoetal.,2019). H—751H, FEHIESAEYHBRY BT R AE VBRI 220 78, T 5 T
5 KR A RE S AN BT S #e,  HETR A% RS AR EE . GRRARTHSE, 20235 Sui e
al.,2025). Kk, RABFFORE S KSHAH AR B mER R E X

K L R P ZEAA PR D 8 ] 2R T e DXy e P T AR B v, o 4 BRME — R THI AR S a6 1 el T
AR, BRI B E A 2R, fEAERAE Z R B AR B A ER Tk
PEIA R (5 4 B R, GRS 5 PREE, 2008) o FLHFTE 25 A0 B A2 B SE IR R 32 (1) 5
- SHEME B S (R 2 DIAE G o T EUE 0L B 7T A 5 RSO ELAE FH DA SR A B v T8 5 1)
HEFE.

MBI AE P B . AR BEA A | AR bR A AR, RIS 1 B A A ERAE
A (Dynamic Global Vegetation Models, DGVMs), X SEi58Y7E 1 H 4 AL RE /7 b3 HUAS
TRERE GRS, 2018; ZHi%, 2021). DGVMs MBS T AW ERYIEL 2 . /KL
AR AP IRAL SN L R BhAS, IEFE T B RTINS 8) 55 1 B iR (214,
2020). HHG, DGVMs A i T ) B A Bl 4y, o] 5 ek R i X i At B
IR RS TAYD # G, T2 N TR R 2 ROBEIRE R 0 A, DLAAS B R 1
K B A LR AR e &5 ik S, 2022, 2RSS, 2024). AT, ¥ DGVM
(R 5K LU BT ] YRS AR i &5 ) i 5 TR R RS SR IR AR R AN A A2

T — AR DGVMs A5k 2 A A7) 75 B v A A L6 4 25 2 h i % 0 1 72 (Bonan et al.,
2024), iE%, DGVMs KM EYTIEER! (Plant Functional Type, PFT) 7E&EANS A% MK
TG B X I AR A VR o XA R AL AR i AR B LA, LR ER R
G Z N, HRAAEEERR (Arglesetal., 2022). 40, XEEThEER RFE
ZH (Z MR e, H3agBliE T Thae e MR . X PR s 20 T gAME 2
B) P 22 57 Je LRGN, P E S T ARG AR 25 R G SE M A Th e FIRHELRS B, S EUILLS A
fifi € YE4CK (Bonan and Doney, 2018; #ifl#i55, 2023; FFHa%, 2024). XMHEY)Th e UAE
ZREEN DGVMs K JE 1 RS (M IEAESE, 2018).

Rk, TR0 515 LA Rox S Joy PR o« 2480, VR 28 [ A I AR I A 0d T ek
Z G B — A R I Sh A AL, DU S X S RS 4H 1) A A #2 (Fisher ez al., 2018;
Argles et al., 2022; Bonan ef al., 2024) . F— AU VA SIS BAR AL | 0 HE RSN 1)
FOTAER Gt Ror, AFEREHEE T RPDEES . RO ALK AR,
S LT UG A TS (Fisher ez al., 2018) 0 IX ARG L AEA RS R G AN A THEHEZL I LAtk
b, RVFEHIR R G A AT S RO E, v DS RS CHAR RDR S A D Re 28 Y
YIRS M TFIELRIER (H— D E DA PR R R . BRI AN [E] () 1)
R B SR AR B . R0 R e S 58 At A 3 SRRRAE AR SC MR E L. 10, Fisher ef al.
(2015) 7E3E A AR CLM4.5 (Community Land Model version 4.5) "k J& 1 3 FHYTh
REPEIR A B (Ecosystem Demography, ED), Tl 7 3€ E AREAEMHE R 0. Dk
PEIRAL B8 S WAE YR A B AR AL (IR B, R 5425 KRGS A Thae % UG, [RIthae 2%
JTH4HT DGVMs WA RGN DI Re B GE /1 (M REESE, 2018; B EPHAE,
2020; XUHEHESE, 2024). fR10, HATHIAT IO 2 R Al R X RS, Rel 2 LS AN
AT HLIX, T A [ X3 DL B RERAS AR SSVE AN & (Fisher et al., 2018; Massoud et al.,
2019; Koven et al., 2020; Cheng et al., 2022; Liu et al., 2024; Shi et al., 2024),

H AT, 18 H R A S EcHT Ay CLMS  (Community Land Model version 5), Ff Hifg A
TEH ED #i, BRI — Bl RERIE R4 FATES (Functionally Assembled Terrestrial
Ecosystem Simulator) (Lawrence ez al., 2019). [k, A 50 HI F &8 ) CLMS-FATES £:54



X L R TR A AR ) A AT AT RS o R LD MO R B RR VR AS AR ML AR, 2
E VYLK )1 A5 G- A7 SE 00 B R AR R FAE TS « L R B AR TE R E R I =8 AR X ik
DA g, HARE X . DK E LSRRI AN 5, k% CLMS-FATES *f
T T TR A AR AT BRI E 77 o X ANSOR 2 T RE B 14 AR 1 38— AKX DG VMEs ¥k Jg B A B 2
B, R AR A 5 A B AH B F R L B EEANE

FER Lt R IR A AR, i St i AR RO I ) P S AR o, BN TR A
RN PR ZE R @, TR, VR B, Bt B (A T
AR B &) SN EE T AR (SLAD) FE KRR BRI SLA K T5F Rl Cafap £
&, 202200 YRR R AE — S R B B B AT AR, TR SRR i ET
AFERREATAE . AN, BT S E AN AR S bE T R AR, R, B T AR AR
A E M k. BARMFIZET R IR BCESE S B0 S R AL, (E 5
T e E AN X =N R SRS IUE HOR BT i R RS e —, IFRE
G E URNFE R R 5Ems (Fisher eral., 2015). B, ASCOKIE T2 &8, LM E
A Arix AR SEL 355 CLMS-FATES XK Ll 98 58 k23 A6 1R .

1 Bl 7k

1.1 X

AR FCIRVE ) X IR A 1L B K B AR X, FUA T IRE S ARG R 5, s B
41°41'N~42°25'N, 127°42'E~128°16'E CARBESE, 2019). K H hfE HLLAA MR IR AR AT
Poja BARE B TR, K E L AR MR, AT A (A, 2012),
AHIF T SR B s LB AE A 1L R I ZDAR MR ARE . GRE 5 PREE, 2008) . ZAFHLA T 1l
% G E SRR X AEER, A 128°05'41"E~128°05'46"'E, £ fE iUl 42°24'10"'N~
40°24'12"'No ZFEHZRG I T 1998 HEEE L, g4k 784 m, WIZHEAA 40m X 40 m.
TeRZAR 5 Bl BIEFFPZAN (Pinus koraiensis) UL FEM WK -IMI ( Fraxinus
mandshurica) #8 (Tilia amurensis) 5 ¥k (Quercus mongolica) MM (Acer pictum)
(B, 2012). ZhW)IEE) T2 /NG SEFN 28, 1 WAL S 2RIEN NRIEshRE,
TAEATRAR -
1.2 S

N T 58AE CLMS-FATES #5820 1 1 Fa 20 AR AR 1 R At il VR A PR 1) 2 B Uk
T €2003-2008 4 75 A I LUl LD RE T R SR AL R 5 0 o 26 7 L 53t ) w2005 2 i i
LN ER B MM TR Z A B (b2, 2012; KE s, 20200,

N T Pl CLMS-FATES #5200 1 1L DX B R VR A AR REL,  (E A 17 Ll R A kA
A5 ot AR 25 R GRS 7 141 BA R o [ R P 7 o A1 AR (R ESR, 2023). 1%
B RAE T 1980~2021 SEIZFAE A o [F 435 (4 oM & o AR AL DR, A3 TH) 73 530 10
kmo A 7B S 1991 ~2010 2K Ll DXCH S Bt i ORIV - i I AR R R AR A5 2R
RUR 3 () AT CEIRE A R 7R AR T AR o5 % el T AR ) 7 20 B D o
1.3 RANAE

AR CLM 2 HATE bR BN 2 R REON 58 H R Z — (Daieral.,
2003), CLMS & CLM [ A, &l R R 40120 CESM2 (Community Earth System
Model version 2) FJERIAFE I Chttp:/www.cesm.ucar.edu/models/cesm2/) (Lawrence et al.,
2019). CLM5 f£ CLM4.5 [f3kal F % 3% ook 1 IR K S, 5L i BREAE K
MG, JEHN 7 RERHED R FE . 5K E 1 KR AR BRI LA S A A8 F
AT DABE UL b B h 25 1 A BRAE AR B FATES 5] 3k, 56T CLMS fIVEGNTEIR AT 2%
CLMS5 HEARFM (http://www.cesm.ucar.edu/models/cesm2/land/CLM50 Tech Note.pdf) .



FATES & —/ME# 5w 4+ 5 S AF RIS S M AR AL o 12 A5 2 1 (1) B R R AE B4 . (D)
FIEWHEYI IR S0, (2O WA RGPS HES B MRS AEE X8, (3)
FF e ML (Perfect Plasticity Approximation, PPA) FRMIEYI HAREE, (4)
TER R I ) 2 8 (RIPE/N ) RO B A0 % b B a 2 f8, DA (5) fER—FEDL
i b LR 2 RO B AR 2K R B F(Fisher et al., 2015; Lawrence et al., 2019) . iX {#15 FATES
AT DA B0 A ) A BRARAE 1) 5 S A8 EAE F TN AR BE &, JF HAALHE 7 A I OB L B
AR S 3 A KRN 3 BiE T 56 A8 L AAROR DL A V7K 3)) 75 %431 #2 (Lawrence ez al., 2019) . FATES
(R PRI IS R ROBE A B R L T CLMS, (BN S FESS ML A2 PRT st JZ3EAT 1 ffdfr . AR5
P FFTBCIEARKS A AN IEAEEATH - (https://github.com/NGEET/fates)

1.4 MHRKEH

AR EE B S P A U b DX SR I bR R A VR e PR 8 ) e SR T [ . T
GLOPNET (Global Plant Trait Network) 43R HIREHE . (Wright er al., 2004), & L
M2 (M) BALTHIA A S &8 (Nypeg ) KM 51 (L)) ZAMEIRZ AU 1) 77 ) FIOR LS,
TRAEYMEE = CEDH A ), Fisher er al. (2015) Mg 7 H G4 HSRANTE - i 4R =
YW J7 25 ARG 278 B RS KA (MATLAB H1(# mvarnd R SREEAG 2]
TR R 15 A B A

AR SCASE FH (R S AR R I AR PR 2 8508 W3 1.5 5 0 AR CLMS-FATES 15
NET I 25 CH B KRUER (V, paxes)s TR (SLA Fin-Fdr (L) =ANEHESH
HE .75 1~15 MIARYE Fisher et al. (2015) KFEAIELH B (M) AL A H RSB (Nypeq )
Lt Fgdn (L) ZAMEIRE 15 ASHHAG T EAR. BEME, BIE 30 e g
W ARIDEERE I SN A SR (Nypeo) MRRAEES, Bk, F5 1~15 1 25CH &K
RAIEZE (Vemaxzs) HINgre RIEAR (1D 1 (2) 1HEAFH] (Kattge et al., 2009), A
Norea WA N gm?, Ve max, 25 AL g umol co, m=2s=1; EUAF AR (SLA) HHECHE (M) K
FHOHESR]. A (L) WIERAEH Fisher ef al. (2015) KA ZSEE s .

TR : Ve nax2s = 33.79Ngreq (D
WEAETAR: Ve nax2s = 20.72Ngreq (2

F 1 25CHERRRIER (Vomaxas)s HHER (SLA) FM-Tdr (L) =ANRERSHAE: 0N
CLMS5-FATES #EUR 654, 1~15 #k¥E Fisher et al. (2015) HISH0THITE
Table 1 Parameter combinations for the maximum carboxylation rate at 25 °C (V; pqx,25), specific leaf area
(SLA) and leaf longevity (L;): Set 0 represents the original parameters in the CLM5-FATES model, while Sets 1-15

are parameter combinations derived from Fisher et al. (2015)

S8 25CRI B RARWEZE (Vo max2s) ELH- TR (SLAD M (L)

He Bfii: umol CO, m™2s71 PR m2gCt Pfrs AF

e EgE Al AR P i - WERET P RE
0 65 58 0.010 0.030 4.0000 1.0000
1 84 68 0.002 0.010 2.0626 0.3258
2 44 74 0.004 0.008 2.3824 0.5357
3 34 42 0.006 0.014 0.7585 0.6427
4 49 47 0.003 0.017 4.1155 0.1498
5 71 69 0.003 0.010 1.3678 0.4241
6 47 61 0.006 0.021 3.1704 0.2994
7 108 49 0.002 0.017 1.9671 0.2019
8 65 97 0.003 0.006 2.2025 0.3035
9 101 58 0.003 0.021 5.3842 0.3222



10 47 79 0.004 0.010 1.6403 0.3952

11 17 38 0.006 0.024 3.9932 0.2666
12 87 79 0.003 0.010 2.7613 0.5384
13 80 32 0.002 0.013 3.8249 0.4586
14 1 42 0.004 0.018 1.4697 0.3214
15 103 43 0.002 0.016 0.6839 0.2761

1.5 3Gt

FEAFFEH, CLMS-FATES #2126 1€ 78 o B R Jb A 1 Ll B 2R ARk ARE
HiHCy (42°24'11"N. 128°05'44"E), M K/NAO0.1° X 0.1°, S EIRBNEH K H 48k +
RV 1R 53 B %2 GSWP3v1 (Global Soil Wetness Project phase 3 version 1) 1) 1991 4
£ 2010 F S 2E 0 (Hyungjun, 2017), FELERBSLH HEATIEIA . CO, WP 35 N 367.0 ppm.
BT FATES HulmARS EEFRRG], BB EER SR GAFE AT, itk
FAAFHE ORI o BRI I MR L TP ARG 1L, 3503 Ao R 2500 (1) et oA AN e o o
WHIFF . JETR 1M 16 A0 MR A b LD MR K ARE L R TR AS RO
SHERRE . G, (OST R BRI i TR, B 40 4.

HR, AT 25 CRBKBRIUEE (Vo maxs)~ HHTHR (SLA) FAnFdr
(L) E=AZHOK A LS RS R, ETHaW S5, 40 R EHE 1+
¥ 6 HEE 9 ASHh M —HSHOHAT B, RIGHHT 40 FRHH. BASEEE IR 2.
HERRES 6 A 9 HASHEAT Bl IR K £ 2R X P S50 QRS 08 B i X BT R VR
AR AT, BRI AREE 2 T AR (RARESH S S 2.1 .

®2 PUHER TG 6 HEEE 9 A 25 CIRKBRIHER (Vmaxs)~ AR (SLA) it
(L)) ¥ CLM5-FATES [RIGS BN S HH G
Table 2 Parameter combinations replacing the original parameters of CLMS5-FATES with the maximum
carboxylation rate at 25 C (V, ;nax,25), specific leaf area (SLA) or leaf longevity (L;) from Set 6 or Set 9 in Table 1
25 CHf R KRAHEFR

S FErF AR (SLA)D mHEar (L)
wy o emeas) i, m2gct B, 45
3 ¥Afr: pwmol CO, m™2s71
e ST I SR ET P& fiE wekEte e
0 65 58 0.010 0.030 4.0000 1.0000
6 47 61 0.006 0.021 3.1704 0.2994
61 47 61 0.010 0.030 4.0000 1.0000
62 65 58 0.006 0.021 4.0000 1.0000
63 65 58 0.010 0.030 3.1704 0.2994
9 101 58 0.003 0.021 5.3842 0.3222
91 101 58 0.010 0.030 4.0000 1.0000
92 65 58 0.003 0.021 4.0000 1.0000
93 65 58 0.010 0.030 5.3842 0.3222

Har, KALHX AR ZE 60 2 100 4 (Cheng et al., 2024). [k, 5 FiRik5K 4
THAHE, ABACH BB 16 NS EhrEK B 1L BE 20 BROK ARE BBV G I S 8 & B T
KEWHIX, 1T 100 FEREEA0L . A E L X LL42°N . 128°E ALy, PTG N
1°x 1°, ¥ 0.1° x 0.1°. WRshEE bR 7 M _Eid GSWP3vl, &Ml 7 CRUNCEPv7

(Climatic Research Unit National Centers for Environmental Prediction version 7) ] 1991 F£ &



2010 I REHRE (Viovy, 2018) . IX S G IR B H & fifi 1 A5 U1 o F e 25080 ookt (52
FHZ 5, 2020).
2 SR
2.1 KB LWFEM LMK AR M 2 F Xt CLMS-FATES RS BB Kk#i 1%
B 1ONFETR 17 0~15 41350 CLMS-FATES A5 sUB L) 40 £F H [ < Jb 4 A i 41

i PRI A L 1 A P ARRA 7 P ] PR K A B i ()38 H A8 A o AR 1L R 21
FAMRIK ARE UL 37 Y UL 45 5, 2005 R0 R CHYSREFHRD &F 5K 0.016 #k, HAhix
R R CEMR . KIS ) AT 05K 0.152 Bk (KA 1LsE, 20200, B4R ER, %6 1.
3. 40 13, 14 AL 15 AR5 R, 40 25 Ll R ZERA MR K ARE HEAS A7 5 3 9 P e 2 7Y

(E 1by 1d-le 1 In-1p)o 25 2. 5. 8 Al 10 45T, 40 HEJ5 4 A 1L 2 RA MR K ARE H
IXAFAE DB G4 AR, A7 5 K AMEEE N 0.002~0.020 £k (B Ty Iy 1i A1 1k). 55 12
I T, 40 FF AU SGE AR, 8Tk 0.647 #k (B 1m). 28 11 HiKE T, 40
S K L R P ZERA MR K AR RO AE [ 3 AR, B 07 KM S 0.350 1k (BT 1D
0. 6. 7 F1 9 AR FHVEFE NAESS 40 R NEFETRAS AR, oA ahEr R4 BN
FFK 0.471 k. 0.016 £+ 0.027 #EF1 0.071 £k, JEMHRE AR5 8 R F 752K 0.001 £k«
0.530 Fk. 0.020 FEA1 0.528 #k (& 1a. 1g-1h A1 1j). 25 0 4RI 7 4°F, BARK AR
PR BRI AR it B R VR AT AR, (P9 4R 56 45 J b B i AR SO 2D o 265 6 4RGSR 9 dHRBfE 7T
PAZH B RR VRS AR ) o0 AT, HLRE R R 2 T AR
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1 TR 14 0~15 4545, GSWP3v1 BKz) CLMS-FATES #ULH) 40 4 [E R 1L A il @ 20k dkok
IR 8 ST RNV I R AR BT T R AR B A AR CRAL: Bk -m™2)
Fig.1 Monthly variations in the number of individuals per square meter of evergreen needleleaf and deciduous
broadleaf forests at the Permanent Sample Plot of the Broadleaved Korean Pine Forest in Northeast China’s
Changbai Mountain over 40 years, simulated by CLM5-FATES driven by GSWP3v1, based on parameter sets 0 to

15 from Table 1 (units: individuals - m™2)
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Fig.2 Monthly variations in the number of individuals per square meter of evergreen needleleaf and deciduous
broadleaf forests at Permanent Sample Plot of the Broadleaved Korean Pine Forest in Northeast China’s Changbai

Mountain over 40 years, simulated by CLM5-FATES driven by GSWP3v1 (units: individuals - m~2)
a. R1TEOHASHASE: b 586 LM 25CTHERIRIHER (V, parss) BEFIHESE: o 5 6 HIAHTER (SLA) B#H



HBHG d e Himt Ay (L) BHEISHEG e 3 9 AN 25 CHEBRRWIER (V, naros) BHMEIRSHE: £ 9 divtbnt
W (SLA) BMFIESH: ¢ 59 HIMFdr (L) BHEIRSH

HoE, 63 IR 15 6 4 Shit mH ORI V& i e i AR ) 3 240 3.1704 AEAT 0.2994
E, BiJRIES404.0000 FEAT 1.0000 . 93 WRIGNEFH 1728 9 48 SRR IR Ak
(55 dr 24 5.3842 A1 0.3222 SR B HEIR S AL, XTELES 0 HIRE, 63 A1 93 4% T i Fh
T I AR I K AR B B I 8] A3 AR AR 5 5 0 LRIG i 45 R Kk —3 (& 2a. 2d Al
2g), RIS o) PR Rl B R 28 4 A () s e 55 T AR AN S50 (B 2D

FGTRATIKTE 25 CHF e KR AT 20T P4 S 3L 40 A IR 52 0 o AT 58 0 4358,
61 A1 91 BI04 AL FH o SRt mRANVE i AR EE 6 41 25 CHF s KARWERSHL 47
pumol CO, m=2s~ F1 61 umol CO, m=2s 1AK% 9 4 25 CH & KRMLHEZE S 101
umol CO, m=2s~1 fl 58 pmol CO, m~2s~1 ¥ ¥ Ji U5 = # 65 umol CO, m™2s™1 I 58
pmol CO, m=2s~1. FHLLTZ 0 415, 61 W3 N arEt itk 25 CHH KR IE RIS,
TR AR 25 C B e KRR AL T RIS AT 1 5 . XA EL T 0 3R56, 61 W56 T & SREF AR AE
HEWIRE GRS, HMEdae 199, AR TEMFEHARAER (B 2a F12b). 20,
FHEET55 0 ARG, 91 WI6 N W 44t bk 25 CIH R AR R IR, Feahe ioe, R
WL RS RE /) (K] 2a Fll 2e).

SRJE, FRATERYS 1 LE A AR X PR R 45 S AL 43 A B 52 o AHRE T35 0 4358, 62 1 92
B8 43 ) A8 FH W S B OMRORD VR R AR B 2R 6 A Lk i T AR 2 £k 0.006 m2gC AN
0.021 m2gC LA S5 9 A M TS5 0.003 m2gC~1H1 0.021 m2gC~ & #5154 0.01
m?gC~1H0.03 m2gC~1. 0. 62 F1 92 BIG N SRETHARA LT ALZ R, BRI
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Fig.3 Yearly variations in the number of individuals of evergreen needleleaf and deciduous broadleaf forests at

the Permanent Sample Plot of Broadleaved Korean Pine Forest in Changbai Mountain over 100 years, simulated



by the CLM5-FATES model driven by GSWP3v1 and CRUNECPv7, based on the parameters from Set (a) 0, (b) 6,
(©) 7, (d) 9, and (e) 11 in Table 1 (units: individuals - m~2)
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Fig.4 (a) Percentage of forest area covered by evergreen needleleaf forest (ENF) and deciduous broadleaf forest

(DBF) in the Changbai Mountain region based on observation averaged over the period from 1991 to 2010
(units: %). The simulated spatial distribution of evergreen needleleaf forests and deciduous broadleaf forests in the
Changbai Mountain region averaged over years 81 to 100, using CLM5-FATES model driven by GSWP3v1 (b-f)
and CRUNCEPv7 (g-k) based on parameters from Set 0, 6, 7, 9, and 11 (units: individuals - m™~2). The blue area

represents the Changbai Mountain National Nature Reserve.
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( http://www.nesdc.org.cn ).
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