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[ U175 3 AT SR S FAA AR I 2 1 23 K 1 A A
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AR BN T 2 Mg, e AR BER

REATFDY, ARAMEIIEDT, ERAMTHIN, it
K™, W RO - %

R A 3 (57 BRI 45 45 535 BORE I 1) 25 A
THE RIS &) 52 3085 v (L 52 0 AR5 A, B AL AT ]
TR AR RS S e R A e RPN, HE
B IZ A RULE 57 b o0 i PPN I 5 D AT i, BT
U, AWESE DAR d 4 = R AR A AR A2 R

( Cunninghamia lanceolata (Lamb.) Hook. ) ZfifKk>k
B, FEFLF A AR (R A g%, - Shs
HEZE PRI T LA, Xl ok B A PR3 A7 b BT i
ATV 58T, At — 2D i B R O SR W 1)

SIS TP O PR T R R 2%
I B4 5 9 % KL

Bl ok U8 T AR 2 = R R B A
2012 % 2017 4= HH R A 1 418 HAZ AR Aip/ N R
EFEHESE, FESMTHREENS . 25
HURGL, MEER . K. /Y2 . LU S T
B, FEHBYMTEAR 0.06 hm? BT TR, 282984
WA OGS IR AR AR . R . S Bif . i
WEMEHEF, HHESA TR EHRZE
FEAE IR F, BEACKE RO R 5 s P B ARAR A 11 ik
. BhE . sEiRaE, A AR A AR ST
BT EE SN 1N w8 N N7 S B o o= N
To FEHLAS IS HIE B GETHILR 1,

®1 BRFFEHERER

Table 1 Summary of basic information statistics of sample plots for each age-class

£ FEHBEL RS FEIR W e d /IMEL W e i AR W bRz
Age class Plot number Mean age /a Mean height /m Min. height /m Max. height /m Height standard deviation /m
2 53 7.92 6.38 1.60 10.20 1.44
3 12 11.00 8.28 630 13.20 1.88
4 9 18.11 11.23 6.50 15.40 2.60
5 95 23.71 13.91 6.80 19.30 271
6 137 28.66 14.94 10.20 20.70 1.94
7 82 32.06 15.76 9.20 2230 2.61
8 13 38.69 16.18 9.30 20.10 2.90
9 8 42,63 15.89 11.30 19.80 2.43
10 5 47.60 15.42 13.30 16.80 1.22
1 4 53.25 13.75 9.20 1630 275
T EARNIHONEESEIMEH
Note: 5 years per an age class for i
2 % 7], = x2 gjﬂﬁ%ﬁ%iiﬂiﬂ
Table 2 Basic height growth models
2.1 BRI el oo e
BT A MBI IERE T 7 A0 R AR AR Mod.1 Line yeathex
B (3% 2) AR IR Mod.2 Weibull y=1.3+a- (1= exp(=b*x°))
J Y AL LE DL, AR A B Mod3  Schumacher  y=1.3+exp(a+b-x)
(AIC) . DInHp{E B HEN ( BIC) . XTEUISRE Mod.4 Logistic y=13+a/(1+b-exp(—c-x))
(logLik ). ¥JH#RiR%E (RMSE ). REZRE (R?) Mod.5 Logistic y=13+a/(1+b71-x7°)
FPPH4a iR 2% (MAE), BSEEAIGHA, Frait Mod.6 Richards y=13+a-(1-exp(=b-x))°
%jﬂj{iﬁﬁ R ( Version 3.6.1 ) @Qﬁ:ﬂ:ﬂ?o Mod.7 Gompertz y=13+a-exp(-b-exp(—c-x))

22 HIRFREIES (AREEZRER)
AT ) HH R FERE , A bR AR R I A s (R 3

e y AWM R TR o by cHERISH.
Note: y is the average tree height of the forest stand; x is the average age
of the forest stand; a, b, and ¢ are the model parameters.
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Ao

S, Hy R S L G e 1 R R
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IR RE K
C
Ki=5-

23 SrEE 3R

BRI T35 2 2 e AR L AR
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K 3 o A « S B R

S/ N g AR, AR AR R ) S8
3 5 B /M A7 [ )1 8k P 2 RS ( sl R Az B
PRI ) ARAHET,

min{ Z Tly-y: ()] + Z (1—T)[)”;(X)—y]}

y2y7(x) y<yr(x)

PEATEFE A0 55 ] U= A4S 50 ) g 2 3 i 1
H R 1E T H B “quantreg™ >k 58 il
2.4 HBGLR R AR

AR AR T35 155 5 45 3 Gt ) v il
DU P 22 B 7 (B2 (E M4 XHE ), LAfE &
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Mo SR AL G T2 5 5 B A AR )5 58
THR AR AL, KR gh AT F AR 2
ST

3 ERE50H

3.1 SEEZRIUE
ARG TORME B, R fe/ N ARk ML
EHARG 7 DR, HAS AR 3.

W R A A IR R, HRbfig KR AIC. BIC, RMSE Fl MAE f5e/)>, logLik i R?
®3I SEHERABSERICE
Table 3 Fitting statistics for Guide curve growth models
LAY it S US4 S E N XPEAUIR EE YT miRzE RERH SRR
Model AIC BIC logLik RMSE R? MAE
Mod.1 2129.693 2142.007 —1061.85 2.589 0.604 1.971
Mod.2 2021.579 2033.893 -1007.79 2.295 0.689 1.721
Mod.3 2035.125 2051.544 —1013.56 2.324 0.681 1.765
Mod.4 2002.565 2018.984 —-997.282 2.241 0.703 1.648
Mod.5 2026.534 2042.953 —1009.27 2.302 0.687 1.740
Mod.6 2019.778 2036.197 —1005.89 2.285 0.692 1.718
Mod.7 2009.539 2025.958 —1000.77 2.259 0.699 1.677

s IO R Y G i R
Note: The bold font is the optimal model statistic
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E R JE N, 3 R A A Mod.4 ( Logistic )
KA AR S i T R

H=13+15.016/(1+5.221 xexp(-0.139x A))
3.2 Mgk

(1) BEAEARWS S A R

MR FE AR B 0 551, AR5 PAZ AR s
SRR 25 a0 AZARIE B FE AR I ISR vER = Hy M
1424 m, WEAESEHEN 6.8~19.3 m, RIDK IR
WX AR GRRTRE, USRI E . BRI 4528 5

RS K, BE g C 2 m, BPHL
9% Hy 5731 6 %20 1) 8 b 2K

(2) HbAVE 1 i il

PRUEAFRE 4 (25 a) ARSI 407 A5 2R
EHIBE Hy, (1424 m) JFFE R 250 K A4S
FHR W A S 2 A R (3R 4) . AR Hb
RFAN T LSRG 8 DI A K G AR
A(E ), BERSEGTHRINER 5,

R4 BARANIRUMARRENHS

Table 4 Site class and corresponding tree height of Chinese fir

#J% Age class

A 2%

Biteiolass 2 3 4 5 6 7 3 9 10 11
6 1.27 3.02 4.75 6.00 6.72 7.08 7.22 7.26 7.24 7.20
8 2.86 4.81 6.67 8.00 8.78 9.18 9.36 9.42 9.42 9.40
10 4.46 6.61 8.59 10.00 10.84 11.28 11.50 11.58 11.61 11.61
12 6.05 8.41 10.51 12.00 12.90 13.39 13.63 13.75 13.79 13.81
14 7.65 10.20 12.43 14.00 14.96 15.49 15.77 15.91 15.98 16.01
16 9.24 12.00 14.34 16.00 17.01 17.59 17.90 18.07 18.17 18.22
18 10.83 13.80 16.26 18.00 19.07 19.69 20.04 20.24 20.35 20.42
20 12.43 15.59 18.18 20.00 21.13 21.79 22.17 22.40 22.54 22.63

FRR, AR ATV T, 432 %% 0.05 i1 0.95

g 0 S
£ 2] ST XML R R 5% FERT 5% K-, 4331
£ TEVEHT VIR, 4374k 0.15. 0.30, 0.70. 0.85
ery U HR SR 1 43 A5 AT L T A4 57 0 U4l 2
E=}
& TR XT 5], Aralic e e VI, V., VAl

=
S
T

o

0 1‘0 2‘0 3‘0 4‘0 5‘0
MO Stand mean age/a
B 1 A ENMARS HMEREERSSH

Fig.1 Distribution of site classes by traditional method
and scatter plot of modeling data
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Mk JrfE (Logistic £ ) ¥R T 8 A4 (0.01,
0.05. 0.15. 0.30. 0.70, 0.85, 0.95. 0.99) (& 2),
Horh, Z30i% 0.01 F10.99 $E3T T A7 2% 19 F BRAN

T, BRISHGEHER (£6).
3.4 WMDRFTHRERILR

NG RFS U R VA & U o S (22 W RES )
PRI HIEAN] ,  BEAE S e AR A3 28 15 ik
MU, 45 3 (4 3 (57 902 7 FEAMEAF S I AR 231 24
1o TR B 8 A>3 B A PR AR A
PG AR E R, MO AR S B A2
ANFPREE AT A Rk, LG Rt
LT REAF S THEEAIILR , FEMEAFI R/ NN Joik
ELHEPIWTHL AR T FORDL 3 O 6 o R 2R
RO X2 i AL P B AN IR OB

AL 1 5/ NI 22T 7 HR I 418 B
HRPATZCRGL, PRSI geaiat (3 7) af
LI, gl 9k i R 28 st (i 9 o0 Al
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Table 5 Parameter estimation and fitting statistics for site class models
Hufz 2% E 4 FECIE Pl Mz 2% ES 4 FECTAE PlH

Site class Parameter Estimate P value Site class Parameter Estimate P value

6 5.880 <0.001 14 a 14.751 <0.001

155.907 0.123 b 5.386 <0.001

c 0.265 0.0001 c 0.140 <0.001

8 a 8.109 <0.001 16 a 16.957 <0.001

b 26.642 <0.001 b 4.305 <0.001

c 0.197 <0.001 c 0.133 <0.001

10 a 10.330 <0.001 18 a 19.162 <0.001

b 11.760 <0.001 b 3.630 <0.001

c 0.167 <0.001 c 0.128 <0.001

12 a 12.543 <0.001 20 a 21.366 <0.001

b 7.351 <0.001 b 3.171 <0.001

c 0.151 <0.001 c 0.124 <0.001
- 10 £ 16 Hif4, 570 A0 ml R R rp 22 ok st
3 G A T VI 2 M AL S5 RFEAR—E ., X PR 2
s LEIRLIAT I B R, MR I M i
N PP SEITRBAT B (F 10,1303,
= PAE 0.719 3), RUI /32 E Il YL R BE 6% S5 1
%5 5 AR TIFE DX P BRAM H (3 A3 A R . B
= |- WS I B AT AR M0 5

10

20 30 40 50

MO H4E % Stand mean age/a
B2 SAAHEEAGENMARS HFIEEEERRS S

Fig. 2 Distribution of site classes by quantile regression

method and scatter plot of modeling data

PRI, I3 ORRE 7R S 2 AR 33 3 B R R
Fldg/ AL, B T BIFSE XA I bk - F- 44 g
MSEHE M ARDL . BMATT , A5t ik m G i<k
RIS B2 HPIR SR A A2 (AL, T 4
[ D= IR R RS 23 A AL BT B 2 e RS

Fo6 SUHEABRASHRGITE
Table 6 Parameter estimation and fitting statistics for quantile regression models of site class

o 2% I3 b K (o) R FHRNME Pl g T H(z) M FAETE P
Site class Quantile Parameters Estimate P value Site class Quantile Parameters Estimate P value
Vil 0.01 8.192 <0.001 v 0.70 a 15.624 <0.001
105.787 0.782 4.480 <0.001
c 0.220 0.186 c 0.149 <0.001
VI 0.05 a 11.670 <0.001 11 0.85 a 17.412 <0.001
b 10.553 0.046 b 5.112 <0.001
@ 0.140 <0.001 € 0.145 <0.001
VI 0.15 a 13.698 <0.001 II 0.95 a 18.427 <0.001
b 4.315 <0.001 6.256 <0.001
@ 0.102 <0.001 € 0.171 <0.001
V 0.30 a 14.457 <0.001 I 0.99 a 22.284 <0.001
b 4.350 <0.001 b 4.384 0.008
@ 0.119 <0.001 € 0.119 <0.001
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Table 7 The result of site classes grouped by traditional method (left) and quantile regression model (right)

W4 2% Age class

W% Age class

HbAz 2 AL gl

Stteclass 3 4 5 ¢ 7 8§ 9 10 n Swedas o, 3 4 5 6 7 8§ 9 10 1
6 1 0 1 3 0 0 0 0 0 0 Vil 1 o 1 3 0 2 1 o0 o0 1
8 2 0 1 5 1 2 1 1 o 1 VI 6 0 1 11 11 4 1 1 1 0
10 s 1 0 11 20 11 1 0 1 0 VI 0 4 0 5 16 12 0 2 o0 1
12 6 6 3 16 32 23 4 3 2 2 v 30 5 3 20 39 21 4 2 2 1
14 26 3 2 30 57 26 3 2 2 1 v 301 2 26 4 20 2 1 2 1
16 3001 1 25 24 13 4 2 0 0 il 0 0 1 23 25 7 3 1 0 0
18 o 0 1 5 3 6 0 0 0 0 i 301 0 4 1 11 2 1 0 0
20 o 1 0 0 0 1 0 0 0 0 I o 1 1 3 2 4 0 0 0 0
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4 S
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Site Classes Grouping Method Based on Quantile Regression of
Chinese Fir Plantations

ZHANG Bo', CHEN Ke-yi*, ZHOU Lai', Sajjad Saeed ', ZHANG Ya-xin®, SUN Yu-jun'

(1. National Forestry and Grassland Administration Key Laboratory of Forest Resources & Environmental Management, Beijing Forestry
University, Beijing 100083, China; 2. Research Institute of Forestry Policy and Information, Chinese Academy of Forestry;
Beijing 100091, China; 3. Research Institute of Forest Ecology, Environment and Protection,

Chinese Academy of Forestry, Beijing 100091, China)

Abstract: [Objective] To optimize the efficiency of the site classes grouping strategy and improve the accuracy of
site classification, site classes grouping model and to propose a site quality evaluation method based on quantile re-
gression model. [Method] The traditional methods (standard deviation adjustment method) and quantile regression
method were used to classify and evaluate the site quality of 418 pure Chinese fir (Cunninghamia lanceolata) forests
at Jiangle Forest Farm in Sanming City, Fujian Province, and the results were compared. The baseline age (A0) was
determined based on the high growth of the stand tree and the maturity of the Chinese fir plantations. Using standard
deviation adjustment method and according to the standard age tree height value and exponential interval, the site
classes curve cluster was constructed and divided into 8 levels. The quantile regression method was based on the
guiding curve. According to the data distribution characteristics, 8 quantile points (0.01, 0.05, 0.15, 0.30, 0.70, 0.85,
0.95, and 0.99) were specified to construct the quantile regression model, and the quantile curves were used to divide
the site classes. [Result] The results showed that the quantile regression model could quickly and accurately determ-
ine the site type of the pure Chinese fir plantation, based on the principle that the sum of squares (or the absolute
value of the difference) between the average stand height and the prediction stand height of each site class curves is
the smallest. The evaluation results of the site quality were not significantly different from the traditional methods.
[Conclusion] The quantile regression model describes, classifies, regresses, predicts and verifies the correlation
between stand growth and site quality from the perspective of data. The quantile regression curve cluster, based on
the guided growth model, intuitively reflect the stand high changing under the different site class, so as to compre-
hensively and accurately predict the productivity of Chinese fir plantations.

Keywords: quantile regression model; Cunninghamia lanceolata plantation; site quality; site class
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