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A diameter at breast height growth model for dominant Chinese fir trees
incorporating site and climatic effects

HE Xingyi', LIU Enlin’, LYU Yong', ZHANG Xiongging’, ZHU Guangyu'

(1. School of Forestry, Central South University of Forestry & Technology, Changsha 410004, Hunan, China;
2. Central South Inventory and Planning Institute, National Forestry and Grassland Administration, Changsha 410014, Hunan, China;
3. Research Institute of Forestry, Chinese Academy of Forestry, Beijing 100091, China)

Abstract: [Objective] To accurately predict the growth dynamics of Chinese fir and construct a dominant tree diameter at breast
height (DBH) growth model that integrates site and climatic conditions, and to provide guidance for sustainable management and
carbon sequestration assessment of Chinese fir plantations. [Method] Utilizing 1 121 DBH-age datasets from 129 Chinese fir
plantation plots, topographic, edaphic and climatic factors were incorporated. Significant environmental drivers affecting DBH growth
were identified through Quantification Theory I. The optimal theoretical growth equation was selected from six candidate models. Site
types and climate types were clustered into site type groups and climate type groups using the k-means algorithm. Nonlinear mixed-
effects regression models were developed by incorporating site type, climate type, and their clustered groups as random effects, either
individually or in combination. [Result] Seven leading factors influencing DBH growth of dominant trees, including altitude, aspect,
Climatic moisture deficit and extreme minimum temperature, were screened. Among the six basic models, the Korf model had the best
fitting effect, with a determination coefficient R* of 0.782 0, 75 site types and 173 climate types clustered into 5 site type groups and 7
climate type groups, respectively, and the random effect model R* with site factor groups and climate factor groups only was 0.822 9
and 0.839 1, respectively, and the random effect model with site and climate factors was R*= 0.854 3 which was significantly better than
the other models. [ Conclusion] The nonlinear mixed-effects model developed in this study, which integrates site- and climate-effects,
comprehensively incorporates environmental factors influencing the DBH growth of dominant Chinese fir trees. This model not only
provides scientific guidance for predicting the DBH growth of dominant Chinese fir trees, but also establishes a generalizable modeling
framework for analyzing and forecasting environmental impacts on the growth of subtropical Chinese fir plantations.

Keywords: Chinese fir plantations; nonlinear mixed-effects; site type groups; climate type groups; DBH growth model of dominant trees
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Table 1 Statistics of stand survey factors

A RAME O ROKE CFE WiEE
) Minimum Maximum  Average Standard
Variable .
value value value deviation
J#94% DBH /cm 172 36.6 243 4.1
ERY Age /a 10 38.0 21.1 6.9
R Altitude /m 146.0 1 460.0 751.6 473.7
B FZ Slope /(°) 4.0 43.0 24.0 242

R SR, ERERIER . Jom fUE.
AW AR, B SRS N 114
Bro BEHUREARIL A AR B ASBIRL R, AR
AN B R EC R R, @A (1.3 m oD
F T 53 5 4 H 2% [ i o0F 2 8 188 4 9 A2 A1
STE 1121 AR FEA R, FHE T l401
(1 L A5 B ALK 93 g 897 2 3 ML A 47 AN 224 ZH A G
s, BARE 2 s,
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Table 2 Statistics of train data and test data factors

A Modeling data Validation data
Variable M ME MR M
DBH/cm Age/a DBH/cm Age/a
5/IME Minimum value 0.3 1.0 0.5 1.0
e KAH Maximum value 36.6 38.0 312 35.0
FYME Average value 14.6 11.3 14.6 11.6
Fr#fE % Standard deviation 7.3 6.9 6.9 6.8

R AR AR (1S R 7 A2 R Wang 25 U7
K] Climate AP A HEHRTS, M4 & AT A
X FAE RS B, B 1 121 ZHRE AR B I 4 46 AN
PR, FRIOG I (] B (1) 4F ~F- 33 B K i

(MAP) . MHXTEE (RH)  HBEH V55
(MWMT) . FEFHIERE (MAT) %5 12 WA %

7 o, AR E PR . HAR R
T AR 3 Frs.
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Table 3 Statistics of climate factors in the study area

S— R Rl psam R
A% & Variable o ’ Standard
Minimum Maximum  Average ..
deviation
ST
MAP /mm 910.0 2 440.0 1527.8 280.5
iEbapiTIES
RH /% 82.0 67.0 74.9 2.7
R H P30
MWMT /'C 310 21.6 26.9 24
YL
MAT /°C 21.3 13.4 17.8 1.7

22 WRAZE

2.2.1  ApHeP R B S R

IR Sy SEH SR, K T A A B 0 B
WA+ 2 R A 6ﬁjﬂl¥,6%<mmi»
K5 bR U &5 2R R Tk AT e g Y HAR SR
Wz 4 fizs.
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Table 4 Site factor classification

SR T i Rl e
Site factor Symbol Standard of division
4k Altitude /m ~ HB 100 m —2%
Yl R PD <5.5~14, 15~ 24,
Slope gradient /(°) 25 ~34, 35~44, =45
Wifsr 25 »
i, PW IR Bd i R L
Slope position
B px b B, b
Slope aspect /(°)
ey . e bms ke i
Pty LX TR . R BN
Soil type
LA

—~ >
Soil thickness /em HD <40cm. 40 ~ 79 cm. = 80 cm

IR AR 7, M S T ikl
PR ERE BRI 12 T R 73R4T 0 . HAA K
DIREIER 5 TR .
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Table 5 Climatic factor classification

AR T Koy btk
Climatic factor Standard of division
FET RS MAT /C HI1ICH1%
g H PR MWMT /C F1CH1R
B4 PR MCMT /C HICH1R
W H 5 P BIRIE R 24 TD /C B 1ICH1H

AR K & MAP /mm £ 100 mm Jy 15%
TR RE AHM FEEAT S 1 %

5°CLL RIBLR DD5 1 200 PAr N 1 4
18°C LA L [{#E DD18 4F 200 PRI 1 4
F i i IG <l EMT /°C 2CH1%

A 20 mm N 1 %%
£ 20 BALRN 1 2
BN 19

&A% B IR 2% 28 K & Bref /mm
A% HL RIS 37K VA 5 Bt CMD
AIXHEE RH /%

222 HuEfkik 1ok

KHEEA T T, FIH Forstat 2.2 “4iit 2
PR BRA 6T 5 Wi A2 AR A 35 R i A% A K 1R ST B AT S,
fig Kl FEAT R ZE YA, Sk P > 0.01 A+,
PR B R A2 A 35 A ) 478 522 Wi 0% % 55 7R S H AR S {%
A5
223 JLA R G vk

ST RORBRARITRE, KA RIE T HITH
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Table 6 Basic models candidate

f R 44 TR B RIA A

Model Model name Model expression

M1 Mitscherlich D =ax[l-bxexp(—cx AGE)]
M2 Logistic D=a/[l+bxexp(—cx AGE)]
M3 Korf D =axexp(—c/ AGE")
M4 Richards D =ax[l-exp(-bx AGE)]

M5 Schumacher D =axexp(—c/ AGE)

M6 Gompertz D =axexp[—cxexp(—bx AGE)]

T D ARHEANIE (em) 5 AGE NIRBAME: (@) 5 a by ¢ R
RS M.
D is the diameter at breast height (cm) of superior trees, AGE is the age
(a) of superior trees, a, b, ¢ are the parameters to be calculated in the
model.

22.4  (RABNBITY

JELL MR & RN AR (Nonlinear mixed effects
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B8 BRI 2 110 A4 4 Tl W oy 5 ke ) ol A ) 1 9
LRMESCRIZAA, Hp il P
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MEZERE; ¢ RIRELE; B 55 REE
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BT T R AR IR & AN, SR H
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X 0=(0,, - O) A S HA & ik
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TEEE, FORFON j MR E A, S0
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Table 7 Significance testing of site factors

ST Rt H B ¥175 FAE Pr>F
Site factor Sum of squares Degree of freedom Mean square F value
HB 2824295 10 28.243 0 3.644 1 < 0.000 1
PD 200.054 1 4 50.013 5 6.4530 < 0.000 1
PW 85.665 5 4 21.416 4 2.763 3 0.026 6
PX 499.782 7 8 624728 5.890 7 < 0.000 1
LX 380.043 3 3 126.681 1 16.345 1 < 0.000 1
HD 58.564 5 2 29.2823 12.761 1 0.063 7
*8 SEEFESMHEE
Table 8 Significance testing of climatic factors
URE T A Fi s FE ..
Climate factor Sum of squares Degree of freedom Mean square Fvalue
AHM 210.224 4 16 13.1390 1.6953 0.042 2
CMD 525.8870 25 21.0355 2.714 1 < 0.000 1
DDI8 149.473 7 7 21.353 4 27551 0.007 8
DD5 116.192 5 12 9.682 7 1.2493 0.244 0
EMT 378.8257 3 126.275 2 16.2927 < 0.000 1
Eref 71.674 5 3 23.8915 3.082 6 0.026 7
MCMT 144.466 9 13 11.112 8 1.433 8 0.1372
MAP 178.444 9 14 12.746 1 1.644 6 0.062 1
MAT 118.474 1 7 16.924 9 21837 0.0335
MWMT 125.1655 10 12.516 6 1.6150 0.097 4
RH 165.706 8 14 11.836 2 1.5272 0.094 8
TD 203.782 7 16 12.736 4 1.643 3 0.0523

32 EMRENMESHE

DMLH AR (D) AR E, K (4GE)
NEZR, KR 6 PR FEEEAMALET RIES
BATHLE, FEAREIE FE PR R, MAE H1 RMSE fii
i B AL BRI . B A S5 SR 9 B

H 3% 9 f1 3 10 7] %1, P& Schumacher £ 7Y ]
HREERARSS, HABAN R 578 0.75 UL E, H
i Korf B8 140 A FUR L (R*=0.782 0. MAE=
23293 1. RMSE=3.416 1) . K, % & Korf f&
RUN B EA A, B S8 a. by c {75

A 66.290 1. 0.432 6 f14.034 3.
33 EFaiRARIEL MR A ARE

H b 2 PR S PR O R 2 SR AT R, TR
W) IR AN R R AL KA AR R A K
M . BIX e SR P TS A S, St
A 75 MR LSRR, Fd T R EE H ARt
TR ARSI, K T S AR S B AL RGN S N
FRBE R AN S LR 2 AN SH TR A
I B AL SR 48 bR ATIC A1 BIC 1% BUKS B 55 10 1
B AL RIME 11 s,

®9 EAEBMALER
Table 9 Fitting results of basic models

EBEAE Modeling data

K96 B4 Validation data

B B 45k
Model  Model name WERM  OCPRHNEE  BTRRE WERH  THMNRE  WREE
R’ MAE RMSE R’ MAE RMSE
M1 Mitscherlich 0.780 7 23.3418 3.4269 0.768 5 5.896 8 3.290 2
M2 Logistic 0.754 6 25.843 5 3.6357 0.749 3 6.062 7 34321
M3 Korf 0.782 0 23.293 1 34161 0.770 1 5.924 8 32810
M4 Richards 0.780 3 23.576 4 34311 0.768 2 5.8855 3.2928
M5 Schumacher 0.582 5 35.0189 4771 6 0.577 3 8.459 4 44753
M6 Gompertz 0.768 1 24.694 6 3.5273 0.761 0 59187 3.3453
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Table 10 Parameter estimation of basic models

bR AIC i1 BIC (¥ R 4G, 41054 7307500 ok MEEE o BHC >
F14 754.746 0. DKk, JE T 57 ST 1R A 808 a 287148
A M3-1 BIARR AR A54E R F Ml Mitscherlich b 1.0219
D =axexp(—cx AGE"™ ) 1 ¢ (9 c 0.0752
Kok D RN AGE NIRHAME: a - ‘ B
M2 Logistic b 6.3819
by ¢ BB b, ARSI BRI S 4 ) .
LD HIHHI ;& JyRFE ) P
34 BT UAEANIELIEE ANREE M3 Kort ' 04326
¢ 4.0343
HHEE 11 v A1, PR #EAs AIC {HA BIC fHEA a 29.059 3
FrR B, AIFT0R 2 N . LR BRI 2 19 S5 M4 Richards b 0.073 4
KA 75 Fh, FEEAL TR, WEIEGHK c 1.028 6
WA BRI, TR b R AR “ 87504
TURIRE L, R R IEHME L = 95% VP FIbRitE, 18 ¢ -0.0424
i K-means 53805, B F2MEA2 AR H A 24 K ¢ 24.9825
IR BRA ] 9 75 )6 7 2K 70 B8 3K Fl 37 Ay o Mo Gomperw ’ 01553
M (LDZ) , EAks: R 12 fir. ¢ 24763
F 11 EFaitEBNELRERANNIERMEER
Table 11 Nonlinear mixed-effects model fitting results based on site types
e VR4 Add location PEAT 5 R Evaluation index 2 Parameter
No. a b ¢ AIC BIC a b ¢
1 LD 47313970 47553920 61.850 2 0.4552 4.0535
2 LD 4730.750 0 4754.746 0 68.858 7 04226 4.053 3
3 LD 4732.1090 4756.104 0 71.333 3 04138 4.069 2
4 LD LD 47327500 4761.5450 68.8557 04226 4.0533
5 LD LD 4733.3980 4762.1920 61.833 1 0.4553 4.0539
6 LD LD 4732.750 0 4761.5450 68.8557 04226 4.0533
7 LD LD LD 4734750 0 4768.344 0 68.8557 04226 4.053 3
%12 MIHRBRAER bR AIC 1 BIC # AR, 7093005 4 610.035 0 AN
Table 12 Cluste: results of site t)j)es 4 638.830 0. [R5 7 H 2R 2L 1R It WAL [
Numlir;’ffifluster Priigon SiA\tLeit%i% ?jgk!rfflp @%jiﬁy\j :
1 0 I D:(a-i-aijDZ)xexp[—(c-i-cj><LDZ)><AGEb]+5
2 732 I
3 87.4 I (103
) 01 v e D ARBANIE: AGE FRIAME: a. by
5 96.5 v c AR 4 a; C,jﬂziﬁﬁﬂéﬂﬁg%iﬂﬁtj{@%
H: LDZ NSrBTIMH ;e FiRFET
AR 12 AR, 2R S AL R AL AL YRR 13 A A S AT, o S AR

i BEIK B 96.5%, Wi R AGFE = 95% M E K. 5
e IS Hh 2RI 2 IS I TE FE R ASE M3 [ NS
WENSH L, MR ST 1R A BN
FERL (M3-2) o FHER 13 A%, R3S 7 o [
IAESH a F ¢ BB, BRI & BOR &, K

JFSEHBETA JS, AIC A1 BIC S T R I%, TiHIR
BWERHMREE. SEMBIAHATX L, SRS
R’ H10.782 0 #£7+ % 0.822 9, MAE Hi 23.293 1 [&1ik
% 20.682 3, RMSE Hi 3.416 1 &1k £ 3.079 2. H
UEUEE, M3-2 [HLE ARG B B AR T M3-1 F1 M3,
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Table 13 Nonlinear mixed-effects model fitting results based on site type groups

Fe WA E Add location PP FE bR Evaluation index 2% Parameter

No. a b ¢ AIC BIC a b c
1 LDZ 4611.1340 4635.1290 569125 0.480 5 4.076 7
2 LDZ 4611.496 0 4635.491 0 77.158 0 0.389 2 4.0732
3 LDZ 4620.087 0 4 644.083 0 83.664 6 0.376 2 4.170 6
4 LDZ LDZ 4613.1330 4641.9270 56.920 9 0.480 4 4.076 7
5 LDZ LDZ 4610.0350 4638.8300 58.852 6 0.476 2 4.1523
6 LDZ LDZ 4611.6380 4640.4320 81.453 5 0.380 7 4.138 8
7 LDZ LDZ LDZ 4612.0330 4 645.626 0 58.8762 0.476 1 41521

3.5 BTSELBMIFLMESHNRE

I VR TR R, X AZ AR S AR
KR W 2 U R T4 CMD. DDIS Al

EMT. #iX3ANEFRFHATHYAHE, HHE
173 MR (OHD o 4% R BEHL RN 5 A
LG 715, B SRR B E NN S 3 T A
AL R IR 14 Frr.

® 14 ETRERXBMIFLMERE SRS

Table 14 Nonlinear mixed-effects model fitting results based on climate types

=3=] UNINALE Add location PP/ FE# Evaluation index Z4J Parameter

No. a b ¢ AIC BIC a b c
1 OH 4705.904 0 4729.899 0 56.605 3 0.4850 3.998 0
2 QH 4706.300 0 4730.2950 69.147 8 0.4187 39729
3 OH 4718.692 0 4742.687 0 74.856 3 0.3947 3.962 8
4 OH OH 4707.904 0 4736.698 0 56.605 5 0.4850 3.998 0
5 OH OH 47053710 4734.1650 54.868 9 0.504 3 4.067 1
6 OH OH 47059510 47347450 63.299 0 0.4515 4.046 7
7 OH OH OH 47079520 4741.546 0 63.316 1 0.4515 4.046 6

B 4 v A0, S q 2 1Y [R] I 75 A8 JE i AR
B2 a e BB, MEHMERRML. FH
fabr AIC F1 BIC 4514 4 705.371 0 F1 4 734.165 0,
HHAMER M B, YONRMGE. Bk, T
SRR A SN AR M3-3 (R g =R
Jr7R:

D =(a+a, xQH)xexp[—(c+c, xQH)x AGE"] + ¢

an
X D AMBEAKRMIE, AGE IRHB AL a. b,
c NBEMZHL ap o AR BBENL SN 240
OH NSAFERT; ¢ NIRZET.

3.6 ETRERALBAMIFLMRSWNER

BTl 7 T 4G S SR B 3T 173 B, F: 5L
B TR, AT DIREH R AR,
P 173 B R R EAT IS R 15 A5, R
BHBON T, BEHEE N 95.9%, FFERIE= 95%
bRifE, DR SR L RO 7 2%, TRSR4h
BN 15 Fiom.

KRB HAFERAA (QHZ) 1E NBEHL

By IS INAE R AL % 240 b, R TE Fa b
AIC fil BIC UL A 5, FHE&RmIA
BiRL, fHR 16 AT, HSERBARMESE a
M EwF, P TEFR AIC F1 BIC ¥ 81K, 75
N 4537774 0 F1 4 566.569 0, PR FRIANXN:
D=(a+a, xQHZ)xexp[-(c+c, xQHZ)x AGE® |+ ¢

(12)
A D AR AR AGE ARLHAMEE; a. b,
c NEMZHL a,. ¢, AAARETARBEYL AN Z
s OHZ NSUEERY; e R

R15 SEEBBAEER
Table 15 Cluster results of climate types

RIH RETZ A
Number of cluster Precision Climate type group
1 0 I
2 58.9 I
3 76.7 11
4 87 v
5 91.7 v
6 93.9 VI
7 95.9 VII
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Table 16 Nonlinear mixed-effects model fitting results based on climate type groups

Fe AINALE Add location PP FE bR Evaluation index Z %) Parameters

No. a b c AIC BIC a b c
1 QHZ 4550.771 0 4574.767 0 61.414 7 0.458 9 4.1362
2 QHZ 4548.678 0 4572.673 0 77.166 2 0.3954 4.162 3
3 OHZ 4543.0410 4567.0370 89.165 7 0.3711 43125
4 OHZ OHZ 4550.678 0 4579.472 0 77.166 2 0.3954 4.162 3
5 QHZ OHZ 4537774 0 4566.569 0 60.430 0 0.474 4 42790
6 QHZ OHZ 4539.386 0 4568.1810 86.945 5 0.373 1 4270 1
7 QHZ QHZ QHZ 4541.3870 45749810 86.952 2 0.373 1 4270 1

R M3-4 578 M3-3 AL, AIC il BIC
AR TR, U ST SRR A (M AR LR TR & K
ISR I T 35 TS Ak SRR ) AR 2 1 TR A R A A
] I A5 2 M3-4 (1400 & RO AL T 2 b 1Y M3,
Ho, #iE 2R 1078204 T % 08391,
MAE F1 RMSE 3 67 it & [, FE0E 2 58 17.55%
A116.36%.

HEET A SRR BANIFE TR A
RItREY

BEARIE T ST R AN (M3-2) BE T %%
RIZH (M3-4) (1328 1 TR B 2% N A% Y AH 4 T ZE il
RS (M3) K B35 Fde -, (R n o) (R - # 2
BT, Bk, R DMEISER, A
BURHLA AR, TEHERNE A 1) &N S 4 R 5
SN ST RS R, e IR T T b AT S
(BRI P AR ARV G RS, A A ALY AIC
F1 BIC fH & Bl & 2 S AR B AL, 406 45 SR
17 F1R 18 Flim.

3.7

B 17 IR 18 n A1, 4 r w2 40 1E bl
WL INTE S 8L a b, SR I S A% 2 R 2 A
NEENLB N IR INE S $ av by c BB, SN TRFS
AIC A1 BIC 7£ 13 P AL & T8 A 35 9 s I AE,
I3 AN 4 490.504 0 A1 4 528.896 0. 1t W JH 455 754 441
G AR H AR H AR, BA SR E RS,
HAERRIE AR
D=(a+a;xLDZ +a, x QHZ) x
(13)

(b+b,xQHZ)

exp[—(c+c¢; x QHZ)x AGE 1+¢

Kef D WIRBARIE: AGE HRBAME: a. b,
¢ AR B by ¢ Ryl KT B 5
B a, NAURRTALBEHL AN 286 LDZ A
ORI, QHZ WURRAML: & MR

REFEE VN

R T iR IR U b T B R A AR 0L 4
B, BB T R PS5 R L S BUE AT
FC A, BARSE R IR 19 Fios.
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Table 17 Evaluation of nonlinear mixed-effects models based on site and climate groups

e RINALE Add location P45 Evaluation index

No. a b c AIC BIC
1 LDZ. QHZ LDZ LDZ 4509.659 0 4548.052 0
2 LDZ LDZ. QHZ LDZ 4508.303 0 4546.695 0
3 LDZ LDZ LDZ. QHZ 4494.038 0 45324300
4 LDZ. QHZ OHZ OHZ 4490.504 0 4528.896 0
5 OHZ LDZ. QHZ OHZ 4496.447 0 4534.8390
6 QHZ QHZ LDZ. QHZ 4494.395 0 4532.7870
7 LDZ. QHZ LDZ. QHZ LDZ 4510.324 0 4553.5150
8 LDZ LDZ. QHZ LDZ. QHZ 4496.585 0 4539.7770
9 LDZ. QHZ LDZ LDZ. QHZ 4494.601 0 45377920
10 LDZ. QHZ LDZ. QHZ OHZ 4494.598 0 4537.790 0
11 OHZ LDZ. QHZ LDZ. QHZ 4 498.447 0 4541.6380
12 LDZ. QHZ OHZ LDZ. QHZ 4492.504 0 4535.6950
13 LDZ. QHZ LDZ. QHZ LDZ. QHZ 4496.636 0 4544.626 0
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Table 18 Parameter estimation of nonlinear mixed-effects models based on site and climate groups

e UL E Add location Z 4 Parameter
No. a b c a b c
1 LDZ. QHZ LDZ LDZ 53.308 55 0.516 82 42161
2 LDZ LDZ. QHZ LDZ 94.189 73 0.357 28 4258 78
3 LDZ LDZ LDZ. QHZ 95.731 06 0.351 19 4.236 6
4 LDZ. QHZ QHZ OHZ 66.274 75 0.440 62 4.167 17
5 QHZ LDZ. QHZ QHZ 110.9279 0.3251 4.301 78
6 QHZ OHZ LDZ. QHZ 73.047 71 0.417 48 4.220 35
7 LDZ. QHZ LDZ. QHZ LDZ 94.297 0 0.357 06 4.259 25
8 LDZ LDZ. QHZ LDZ. QHZ 99.640 78 0.343 6 4.25195
9 LDZ. QHZ LDZ LDZ. QHZ 87.0158 0.370 61 4.202 36
10 LDZ. QHZ LDZ. QHZ OHZ 87.000 39 0.370 65 4.202 31
11 QHZ LDZ. QHZ LDZ. QHZ 110.929 3 0.3251 4.301 79
12 LDZ. QHZ OHZ LDZ. QHZ 66.274 68 0.440 62 4.167 17
13 LDZ. QHZ LDZ. QHZ LDZ. OHZ 87.230 66 0.370 08 420311
R19 BREHPESER
Table 19 Fitting results of each model
Koy g B SR PPN 4847 Evaluation indicator
Data Model Parameter Value AIC BIC R MAE RMSE
a 66.290 1
M3 b 0.4326 47575020 4776.698 0 0.782 0 23.293 1 34161
c 4.034 3
a 68.858 7
M3-1 b 0.422 6 4730.750 0 4754.746 0 0.797 4 22.774 8 3.3473
c 4.0533
a 58.852 6
M3-2 b 0.476 2 4610.0350 4638.8300 0.8229 20.682 3 3.079 2
SERAR c 41523
Modeling
data a 54.868 9
M3-3 b 0.504 3 4705.371 0 4734.165 0 0.799 1 22.3909 3.2796
c 4.067 1
a 60.430 0
M3-4 b 0.474 4 4537.774 0 4566.569 0 0.839 1 19.8154 2.9358
c 42790
a 66.274 8
M3-5 b 0.440 6 4490.504 0 4528.896 0 0.854 3 18.773 0 2.7929
c 4.1672
a 43.691 6
M3 b 0.579 0 1175.9610 1 189.607 0 0.770 0 5.924 8 3.2809
c 4.103 1
a 39.6355
M3-1 b 0.648 6 1169.214 0 1186.552 0 0.784 7 5.6152 3.1758
c 4.3883
a 36.2772
o M3-2 b 0.716 4 1160.747 0 1177.806 0 0.800 6 53382 3.0582
data a 40.119 8
M3-3 b 0.642 1 1173.9880 1191.046 0 0.779 0 5.779 6 32172
c 4.298 7
a 36.599 7
M3-4 b 0.709 4 1146.616 0 1167.086 0 0.820 3 5.026 9 2.901 8
c 4.6429
a 60.070 6
M3-5 b 0.446 9 1 145.202 0 1179.3180 0.8459 4.767 1 2.6879
c 39191
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Fig. 1 Residual distribution plot of basic model M3
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Fig.2 Residual distribution plots of models based on site type M3-1 and site type groups M3-2
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Fig. 3 Residual distribution plots of models based on climate type M3-3 and climate type groups M3-4
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