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Abstract; Biomass is key to understand the structure and function of forest ecosystems. Precisely estimating tree biomass is
critical in reducing greenhouse gas emissions and assessing regional climate stability. The allometric model offers a concise
expression of mathematical formulation to quantify the relation between plant biomass and individual size, which has been
commonly applied for different life forms in various ecosystems. This power law relationship describes the disproportional
increase of biomass as the individual size grows, which indicates a typical J-shaped growth pattern. This contradicts the
intensifying inter-/intra-specific competition and resource limits. However, the allometric model often passed model
validation in previous studies, partly due to improper data structures characterized by lacking large-sized individuals. By
introducing the limited factor, the logistic model describes the accelerating biomass growth at first but later a slowing growth
rate with the increasing branch size. A typical S-shaped growth pattern could be noted, accordingly, which displays a more
ecologically sound form in theory. However, the logistic model has rarely been applied to estimate biomass and its relation
with individual sizes. In this work, we collected data from 197 studies conducted in the temperate forest worldwide during
1945—2016 based on two published datasets. A total of 26402 samples of leaves, stems, and aboveground biomass were
collected as well as the data on stem size from the 198 species of broad- and fine-leaved trees. Our results showed that the
logistic model had a larger R** (0.81), smaller RMSE (0.39 g), and smaller AIC (5809.1) than the allometric model
(R** 0.76, RMSE 0.44 g, and AIC 7189.9, respectively). This confirms the better performance of the logistic model
relative to the allometric model. The logistic model’s better predictive performance was also demonstrated via the linear
regression between the estimated biomass and measurements. Furthermore, compared with allometric models, the logistic
models were of greater ecological significance by providing the equilibrium biomass, equilibrium growth rate, and points of
inflection (POls) that described the threshold tree sizes starting approaching equilibrium biomass. We further categorized
the trees with the bigger-than-POl size as the large-sized samples, which merely took the <0.71% share in our dataset.
This study addresses that the logistic model outperforms the allometric model in predicting tree biomass of temperate forests
in statistical performances and ecological significance. This benefits clearly understanding the size-related strategies of
carbon sequestration of plants, precisely predicting the dynamics and spatial distribution of forest carbon storage, and

mitigating future climate change.

Key Words: equilibrium biomass; equilibrium growth ratio; point of inflection; goodness of fit; sampling representativeness
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AGB) ; = ZE(Stem) A9y 434E £ T (Trunk ) FIAHAEL (Twig) ZE W, 1 B 385326 i W) R0 i R 2542 )
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1.3 BIAELA R TEAN
RFFEE TS ETEFR , X 1L Logistic ALY Allometric A58 0G0 , HEAR G R E G e E B4k
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ZKE?%%TQ%E%E%&?EE(The biomass and allometry database #1 Dataset of forest biomass structure for
Eurasia ) , Zi il i SRR AR A Py i 2 BREUI | ORI ARAE A B A2 PR | DL S ZE R A ) i S5 40 08
(72 SRR R AT AR GE T AR EAS i /MBI M ARIEZESE . AT BRI S 07 22 sl N A2
S SR L 10 Ry S A X B G xot A= 0  Fia A2 B8 i B 77 TAL B, B S 43 ol ) 7 Logistic # I Allometric 15
B Hr SR R(R Core Team,2022) H11) “ caret” 43,43 H1 5038 DUAR:TIF S AR 0 56 T BCHE AH X 4d <7, IR
“segmented” " I Logistic AL IR (1424 ) 5 AN [n) 388 < B B i b 7 1) 42 433 (L. A, AR SE 36T R
42135 R*" P RMSE #l AIC, AZE & PRI B I0 R, T SR AR 49y ek 0000 R0 512 0 {1 P9 2 P [ ) s 0 —
A BN Sy, DA BRI B SPSS 23.0 I R 4.2.1 5 A%, SCH A EI I Origin 9.0 Z:,

2 #R

2.1 RS  REIE

AWFFEILGETHRAT AT A 198 B, Hor LU -9y (134 F0) S8 3, YR EEUN 67.7% , KA B Y
(64 ), FEAT TR (45.3% ) I (43.8% ) , HRMACSEI (7.0% ) AR (2.0%) (FEEUM (1.0%)
R (1.0%) , FIIMEE R (47.7+£50.4) a, /DN FHE RS 505 K 3a F 1847a (32 1), FI M4 N
(16.3+20.8) cm, /T 1.0—648.0 cm Z[i], M ZEA1 L EB 0 A9 m Y (E 75 5 0 (8.4+27.6) kg, (368.1<
5592.6) kg F1(377.9+5628.3) kg,

F1 BEFRMRFAYFHERFESIT

Table 1 Biomass, size and age of global temperate forest

TR He/ME BRME ¥ brifii2E
Plant traits Min Max Mean Standard deviation
Mt Age/a 3.0 1847.0 47.7 50.4

Jfg#% Diameter at breast height/cm 1.0 648.0 16.3 20.8

A= 1t Biomass of leaves/kg 0.002 992.0 8.4 27.6

Z5E )5 Biomass of stems/kg 0.009 322566.0 368.1 5592.6

M 1= EB 432 M1 Aboveground biomass/kg 0.017 323200.0 377.9 5628.3

2.2 FERLEPERERS L

2 Allometric #5 Logistic B2 LA S AP MBI A ERE , RAF B 7T SR AR P A F
A 5B EKT-(P<0.001) (LR Logistic BURMSENT A Wy 251 Wy i, R 18534 ik i 350 ELAT AR ¢
B R (435124 0.80.0.78 F10.84) Ak RMSE (43414 0.35 .0.45 ¢ F10.36 g) , ALK AIC (591 k 4746.7
7745.7 F14934.9) | BT R LAY SEH2#35  BAE T-2R ] Allometric BERIR Y HL (R .1 0.77 2% 0.73 ML 384>
0.78;RMSE; it 0.38 g.2£ 0.50 g M -#85> 0.43 g; AIC: H 5622.4 2% 9021.0 Hb I #5 6926.4) (£ 2) .
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R2 BEENFARENEHENUS M ERBE E X L

Table 2 Comparison of good-of-fit for tree biomass estimation in temperate forest between logistic models and allometric models

A g BRI Parameters WAL Goodness-of-fit
Biomass Models m(a)  n(b) k R** P AIC  RMSE/g
A i lg( BML) = k/(1+exp(m-nxlg(DBH) ) ) 132 110 7.4  0.80 <0.001 4746.7 0.35
Biomass of leaves( BML) /g lg( BML) = ax(lg(DBH) )* 326 054  NA 077 <0.001 5622.4 0.38
EXi7)n lg(BMS) = k/( 1+exp(m-nxlg( DBH) ) ) 148 087 1178 078  <0.001 7745.7 0.45
Biomass of stems( BMS)/g lg(BMS) = ax(lg( DBH) )" 429 050  NA 073 <0.001 9021.0 0.50
o 14 i lg( AGB) = k/ (1+exp(m-nxlg(DBH))) 144 083 1204 084 <0.001 4934.9 0.36
Aboveground biomass( AGB) /g lg(AGB)= ax(lg(DBH) )" 438 047  NA 078 <0.001 6926.4 0.43

DBH; Jfi#£ Diameter at breast height; R** ; JF1EJi A9k 5E R AL Adjusted coefficient of determination; AIC: FiHbfE BHEN] Akaike information criterion; RMSE : Y75
2% Root mean square deviation; NA; 75/ i& i Not applicable; a: J3—4b# %1 Normalized constant; b: REFEEL Scaling exponent; m: # 4 Constant; n, P £ K%
Equilibrium growth rate; k. P44 & Equilibrium biomass

Logistic fA15 2 Allometric BEAYELAG TAFFNC) . AN 1 s, =35 AR 4 s 00 5 S D48 ) Ze v [m]
IHZRHIEIT 1:1 54 M M0 5 R RPR AR B IR, YA St A Wy i 25 A W i R, 350 4326 W o
I, ARE AR AR A28 7] 22 534 0.01 11 0.06,0.02 F10.10, LA K 0 F10.02, #AT , 3T Logistic F %13 1 4=
) e TINS5 SIS ) &, B 2 Allometric B 43 Ai SIS, HLI NI 2143 A0 16 1.1 %54
(1),

2.3 BRSO RSE ST LT

B2 Allometric B8 | Logistic #5781 i) 1385 A= 1) i AN ARG R SRR iy A BCHE 28 35 X B0 e i
AbFR  RRADLZE SR 3 T SR AR B AR R A e B AE AR K e S L BRI AR BRSSO U ASE AR 2 SR AR B A, R
RT EAREE . Logistic BB 45 5 W/ | Al ARARTR A HLA W 1 A P AR ) it (U181 2 Th &R B R )
Hpit /N (7.14) ZEJErh (11.78) AERRHEL FAROM AR (12.04) o SR, AN R BT A= 1 32 A0 52 3R S (4
EAHE , B R (1.10) ZEJEH(0.87) ARk 385 /N (0.83) BYRLAE , LB Z X FIAs R b 35545,
I DR X 5 PRkt 32 3k 1P A 4 it KT

32 Allometric % | Logistic A58 it fb T A R AE 4 ek Bl (R R ) 99 R MO AR (B, 5 T X U6 40 858, R
FH Logistic A5 RVk S 7 ZRARTR A ZE A 55504 Wi, BB M A2 34 A h AR 62848 438 1 1) PRk 39 4 119 45
MRARE(POL,) (&l 2 SR TR ), DL &R 8 s M #2 (8 (POL,) (ANl 2 BB PTR ) , &
B (0.36 F1 1.87) /NTF25(0.65 F1 1.89) H AR AL

T IO LA R M A2 5 DL 8 S, AR GBI AR AR T R 4 BRI R AR 4 Sl AN BRURE AR ( DBH <
POIL,) AR RIFEA (POL, <DBH <POL,) , FIRKTUFEA (DBH >POL, ) , ARBUREA KR I (7 b 2% 5 8 3%
Hor A EBURE N o RIREIREAS R Sy 350 5844 1 44, 43Sl SMREA R 5.61% 93.70% F1 0.71%
(E 3) . ZEAWra Bl i = Z 80 (L) 23514 899(14.64% ) 5204(84.73% ) F11 39(0.63%) , b I #B 4311y
BRI = E B () 4351k 676(11.07%) (5389 (88.24% ) F142(0.69%) (18 3) .

2.4 FETEIKYFN BRI L

R E— AR AR 43 A S5 R T BB UL G 25 SR () 2], AR 5 BE R AR B REAS | L AH X 5 1) Sty AR A
FMEERTE TR R R, I IR OR W) Rl AL HE KV AZ (Abies grandis) I H A M2 ( Cryptomeria
japonica) , M IR AP FICLFEIEARAE ( Betula pendula) FIFAME( Betula alba) . 4Tl N BUHE 228 S AR AR/
AMEGE ELAE VAR 0RO g mh ZE R b 35040 A4 W i DA B4R 08, T 57 91X e Logistic #2AYF1 Allometric
BRSSO A DR . TRl 4 AR S IR, S5 IR BRI AR S BREE LA AR ] | Logistic #5514 55011
EEREI TR AR BRI R ZE L3 53 A et A R A TR 1 R 2 L) A A 405 R A AR e, L
I 5 A e ¢ 22 2 VR b 3505 43 B/ NREL VR I v 8 1 16 K T s s sl 4K (R 0 a] POT, 3508 530 hy
12.85 cm,19.10 em il 18.74 cm) , W7E B /MEBE T 46 8 T A8 K (RN POL¥ME 73510 33.55 em,
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Fig.1 Comparisons of biomass predictions between logistic models and allometric models

BML: M4:=¥)i Biomass of leaves; BMS: 254 %5 Biomass of stems; AGB: Hi #4344 Aboveground biomass

37.76 cmH137.60 cm) ,

MREBIFEA (DBH >POL,) (& FLiR ST, Logistic ARG BEIL T Allometric FE8Y . v YR £ I
KRR Tl (RS FRH AW ) (R R R R i ZE R0 B3 R A B2 5 BRE AR 10 6.4% .5.6% il
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Fig.4 Comparison between allometric models and logistic models for estimating biomass of representative needle-leaved trees in

temperate forests
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Fig.5 Comparison between allometric models and logistic models for estimating biomass of representative broad-leaved trees in

temperate forests
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