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Abstract: [Objective] Different crown prediction methods were used to predict varied crown components
(east, west, south, north crown width and east-west crown width, south-north crown width, average crown
width) of young spruce fir, and the prediction accuracy was compared in order to provide a theoretical basis
for the tending of spruce fir management. [Method] The measured data of different crown components in
permanent spruce fir sample plots was got from three 1 ha sample plots on Jingouling Forest Farm of

northeastern China in 2013, the logistic model was chosen as base model and the ordinary least square
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method was used to fit crown radii of east, west, south, north and crown width of east-west, south-north, and
mean direction. 1/D, 1/D*°, and 1/D* were used as weight function to eliminate the heteroscedasticity of
model residuals. The unweighted nonlinear seemingly unrelated regression method, weighted nonlinear
seemingly unrelated regression method, quantile regression method, and ordinary least square method were
applied to develop different crown component prediction model. [Result] The fitting results indicated that,
quantile regression model had the lowest fitting accuracy, compared with quantile regression, weighted
nonlinear seemingly unrelated regression and weighted ordinary least square regression had nearly same
fitting effectiveness. The accuracy order arrangement was weighted NSUR ~ weighted OLS > OLS > QR,
1/D* was the best choice to eliminate heteroscedasticity by residuals plot. [Conclusion] In this paper, the
fitting effect of nonlinear quantile regression model was not necessarily better than that of nonlinear least
square method, the weighted nonlinear seemingly unrelated regression model (1/D* as weight function)
developed in this essay can provide some theory basis for different crown components of young spruce fir.

Key words: crown width model; young tree; weight function; nonlinear seemingly unrelated regression;
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Tab. 1 Statistics of modeling data and validation data

T3 H Ttem A5 5 Variable RME Max.  f/ME Min.  BJ{E Mean  #¥E % Std.

f442 DBH/cm 5.00 1.00 2.99 1.14
15 Tree height (H)/m 11.90 1.50 3.60 1.55
P47t liE South crown width (SCR)/m 2.96 0.29 1.08 0.44
JE5E & North crown width (NCR)/m 3.66 0.00 111 0.50

BB P st West crown width (WCR)/m 3.23 0.00 113 0.51

Model-fitting data (n = 548)
7R e East crown width (ECR)/m 2.87 0.06 1.06 0.40
4L I% South-north crown width (SNCW)/m 5.35 0.61 2.19 0.80
7R V5 71 East-west crown width (EWCW)/m 6.40 0.68 2.19 0.83
1456 W% Average crown width (CW)/m 5.35 0.68 2.19 0.77
Jf#4% DBH/cm 5.00 1.00 3.01 1.18
W Tree height (H)/m 11.10 1.50 3.56 1.47
FF i South crown width (SCR)/m 2.90 0.00 1.05 0.45
Jb7E i North crown width (NCR)/m 3.12 0.00 1.06 0.50

ﬁ(ﬁiﬂf\fﬁdaﬁon data (n = 235) PHseE I West crown width (WCR)/m 3.06 0.33 113 051
7R et East crown width (ECR)/m 2.81 0.22 1.03 0.37
#1L7d 1@ South-north crown width (SNCW)/m 5.26 0.99 2.16 0.80
ZR VG e % East-west crown width (EWCW)/m 6.02 0.90 2.11 0.83
-3t Average crown width (CW)/m 5.13 1.01 2.13 0.77
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Fig. 1 Relationship between different crown components and DBH, H
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Tab. 2 Fitting results of basic models

% Model e R RMSE
CWS ~0.000 3 0.298 3 0.369 8
CWN —0.000 2 02780 0.4211
CWE ~0.000 2 0.309 8 0.329 3
CWW ~0.000 2 0.267 4 0.439 5
CWEW —0.000 4 0.368 9 0.635 8
CWSN ~0.000 5 0.369 1 0.656 8
cwW -0.000 5 0.4116 0.590 4

FEAAR T B 00 G S5 R R, &N o3 ) e e LA
WA Y, P REILTFRAEMES, RAT
0.267 4 ~0.309 8, RMSE /T 0.3293 ~ 0439 5 m
B], 4006 K P A AR B LR IR ) R R 2,
43N 0.368 9 F110.369 1, H1 L& K5 4w, 2L
RMSE 5 % [ 76 M AH L AN 2 2 5020 &R, 12 /)
T2 s FUA K B d v () P X ek i, L R SR, 1
F|7 0.411 6, RMSE 5 Z: 74, 7g At et @ AH Eb 225 /)
P-4t R 5 1 A7 22 TR 1R 9% 2R B & T ) e R A i 4%
Z AR e B e, DRI H B TSP 4 e 0 LA R
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X RS A [ 5k 22 BEAT & (] 2D, R IR
BT T-&ANJ7 A e e & A E R T 2R, B
FRAR A8 K, AR B HUA B 22 B ke 8K, A 280 R 2
T DGR AT DG . R, AN R AL
RTINS o DUV ke 7 22, (AR Y A 444 il
JETT SR AR K
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L PR 7 FH DAY B A58 2R % 22 1) e O 22, A 2
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JRALEE R I N B4R Y o DY R AR R 2 1 S
#, H SAS #4754 weight = 1/D. weight = 1/D°,
weight = 1/D%. 43 744 3 FhORCEE ek £ A 21 25 At 11
JELk 1 Logistic #7841, X Lt 3 AL R B bR 7 5 %
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Fig. 2 Fitted residual plot of base models
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Tab. 3 Fitting index statistics of basic models by addition of weight function

1/D 1/D? 1/D%
57 Model

R RMSE )'s RMSE R RMSE
CWS 0.372 4 0.205 1 0.416 1 0.122 6 0.336 9 0.273 4
CWN 0.342 4 0.2332 0.368 7 0.1402 03127 03108
CWE 0.360 1 0.1955 0.363 6 0.128 3 0.3393 0.250 9
CWW 0.345 4 0.244 0 03822 0.147 4 0.309 0 0.3249
CWSN 0.446 0 0.3614 0.4717 0.2255 0.4119 0.4750
CWEW 0.444 0 0.3654 0.479 7 02195 0.409 4 0.486 4
CwW 0.492'5 0.3310 0.5275 0.201 0 0.4559 0.439 1
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FIF SAS/ETS 1 PROC MODEL it 2%+ 7 g mif
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method) &4 £ 5 AL NSUR (weighted nonlinear
seemingly unrelated regression) 1] #L & 4 & K & #H
2, AL OLS (30l & 4% B i Bl e T AL NSUR. 7
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Tab.4 Parameter estimation of additivity crown model

CWS CWN CWE CWwW
ZH it A ZH flritHE ZH e ZH e
Parameter Estimation Parameter Estimation Parameter Estimation Parameter Estimation
ap 0.875(0.112) by 1.040 (0.184) co 0.741 (0.102) dy 0.855(0.133)
a 0.096 (0.018) by 0.098 (0.022) c 0.112(0.018) d, 0.118 (0.021)
a, 1.770 (0.352) b, 1.653 (0.324) c 1.389 (0.423) dy 1.835(0.421)
az 0.977 (0.237) by 0.659 (0.188) c3 1.119 (0.378) dy 0.977 (0.265)

VE: 755 WA £ bR 2 . Note: value in brackets is the standard deviation.
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Tab. 5 Fitting accuracy of additivity crown model
PN FEAR Evaluation index CWSs CWN CWE CWW CWSN CWEW CcW
R’ 0.416 1 0.368 8 0.363 7 0.382 3 0.479 5 0.4716 0.5273
RMSE 0.122 6 0.140 2 0.128 3 0.147 4 0.2195 0.2256 0.201 0
Fo6 SEHITHZRERE-hAFERRE
Tab. 6 Variance-covariance matrix of parameter estimation
CWS CWN CWE CWW CWSN CWEW CwW
CWS 0.0150 0.006 7 0.006 8 0.009 5 0.021 7 0.0162 0.0190
CWN 0.006 7 0.019 6 0.0059 0.008 6 0.026 4 0.014 6 0.020 5
CWE 0.006 8 0.0059 0.016 5 0.006 3 0.0127 0.022 8 0.017 8
CWW 0.009 5 0.008 6 0.006 3 0.0217 0.018 1 0.028 0 0.023 1
CWSN 0.0217 0.026 4 0.0127 0.018 1 0.048 2 0.0309 0.039 6
CWWE 0.0162 0.014 6 0.022 8 0.028 0 0.0309 0.0509 0.0410
CcwW 0.0190 0.020 5 0.017 8 0.023 1 0.0396 0.0410 0.040 4
x7 TEASMEREMNESITER
Tab. 7 Fitting results of various quantile crown models
7 Model 431 % Quantile () e R RMSE
0.3 0.189 4 0.083 8 0.4225
0.4 0.127 8 0.1949 0.396 1
CWS 0.5 0.041 4 0.2872 0.3727
0.6 —0.028 2 0.293 8 0.3710
0.7 —0.147 4 0.167 2 0.4029
0.3 0.198 4 0.093 7 0.4717
0.4 0.124 4 0.204 0 0.442 1
CWN 0.5 0.0429 0.264 7 0.424 9
0.6 —0.0250 0.273 7 04223
0.7 —0.134 6 0.182 8 0.4479
0.3 0.164 6 0.106 3 0.374 7
0.4 0.096 6 0.2215 0.349 7
CWE 0.5 0.0197 0.282 6 0.3357
0.6 —0.063 3 0.278 5 0.336 7
0.7 —0.148 2 0.1590 0.363 5
0.3 0.2397 0.019 1 0.508 4
0.4 0.1534 0.1630 0.469 7
CWwW 0.5 0.0759 0.2412 0.4473
0.6 -0.039 8 0.247 6 0.445 4
0.7 -0.153 7 0.1507 0.473 1
0.3 0.3399 0.171 1 0.7527
0.4 0.2114 0.287 7 0.697 8
CWSN 0.5 0.072 5 0.3509 0.666 1
0.6 —0.097 6 0.348 4 0.667 4
0.7 —0.284 0 0.2299 0.7255
0.3 0.341 6 0.162 2 0.732 4
0.4 0.2299 0.267 2 0.6850
CWEW 0.5 0.046 5 0.3653 0.637 6
0.6 —0.087 0 0.3514 0.644 5
0.7 —0.288 4 0.2124 0.710 1
0.3 0.319 1 0.212 1 0.683 0
0.4 0.209 9 0.3216 0.6339
CW 0.5 0.046 0 0.405 6 0.593 7
0.6 -0.1079 0.388 4 0.601 9
0.7 —0.284 9 0.243 4 0.669 4
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Tab. 8 Parameter estimation at 0.55 tau

2% Parameter J71%: Method CWS CWN CWE CWW CWSN CWEW cwW
ay QR 1.177 1.573 1.469 1.191 4.386 2.195 2.561
a, QR 0.072 0.040 0.032 0.082 0.148 0.160 0.122
a, QR 1.748 2.422 2.048 1.988 3.363 1.912 2.115
as QR 0.580 0.518 0.521 0.620 0.332 0.725 0.628
¥E: QRA I LFI. F[H. Notes: QR is quantile regression. The same below.
RO 055 S HEARBMSER
Tab. 9 Fitting results of 0.55 quantile models
154 Model 7714 Method e R RMSE
CWS QR —0.000 9 0.298 3 0.369 8
CWN QR —0.008 5 0.274 4 0422 1
CWE QR -0.0259 0.295 4 0.3327
CWW QR 0.0155 0.264 4 0.440 4
CWSN QR -0.022 7 0.360 4 0.661 3
CWEW QR -0.022 1 0.366 3 0.637 1
CwW QR —0.028 3 0.408 6 0.5919
F10 HERWLER
Tab. 10 Validation results of models
Evaﬁlﬁjﬁ?ﬁ dex Mjejéi d CWS CWN CWE CWW CWSN CWEW CW
OLS —0.0312 —0.050 0 -0.0322 —0.000 2 —0.081 3 -0.0325 —0.056 7
JEALOLS Weighted OLS —0.0259 0.046 9 -0.027 3 0.002 7 —-0.073 0 —0.024 8 —0.048 3
¢ JHAUNSUR Weighted NSUR —0.025 2 —0.046 2 —-0.027 3 0.002 9 —-0.071 4 —0.024 4 —0.047 9
QR —0.0319 —0.059 8 —0.060 4 0.0147 —0.109 7 —0.054 3 —0.086 0
OLS 02754 0.140 8 0.266 2 0.270 9 0.265 3 0.329 0 0.3335
. JEALOLS Weighted OLS 0.2772 0.1309 02731 02714 0.258 0 0.3309 0.3290
JIANSUR Weighted NSUR 0.389 3 0.229 4 0.3457 0.303 9 0.373 5 0.407 7 0.4299
QR 0.2752 0.142 5 0.223 8 0.2812 0.2515 0.329 8 0.322 8
OLS 0.3856 0.462 5 0.3207 0.435 8 0.714 6 0.658 3 0.630 5
RMSE JInALOLS Weighted OLS 0.3851 0.465 1 0.3191 0.4356 0.718 1 0.657 4 0.6327
JEAUNSUR Weighted NSUR 0.1216 0.166 6 0.1219 0.159 1 0.2432 0.2333 0.2198
QR 0.3856 0.462 0 0.329 8 0.4327 0.7212 0.6579 0.6356

4 Notes: OLS: /N —3€7%: Least square method; JIALOLS: MIFUHR /N — 3% Weighted least square method: IAUNSUR: AIALIEZe 14 ABL - A HH 5C [

)4 Weighted nonlinear seemingly unrelated regression.

T’

bR e 8 A SR A A K 0 ) B SR B, 1T LA
A TR 438 A K 35 R 1 5 S AR AR . A
BT 381 hm® B2 A RIR A FRARTR 2 b sl
Hrdim, 75 JF 2k PR A A ) JE Al 1 L # T NSUR. AL
OLS. JNAY NSUR. QR 4 177 2 FIHL A 25 R AL R 25
X TV BR AR A S 22 (AR o

DB /N Ay AR 4R M B A AT LA T, AR (1)

3

AR LRI, 5 ABLBREL 1/D? I, AR P Y
(05 R 5 B2 R, AR I 57 U 22 B ) b Y
Bxo FIF NSUR XF 7 A1 5 R 2 RO 7 2R 24T 4L
B, A LG RS L OLS & AIG, JUFTo 5w (2
NSUR | FH 2 55 it v 0 5% 22 19 75 22— 05 22 0 B %
PR 2[R (R R AR BEAT T ARG 20K, AR AL A ]
AR it v b 7 A7 A5 28 1K) 25 B3R i KR 3t B
A LA IR 2

FEBEAT AR Lk QR LAY AR I, 24 73 (o i 4.
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HTE 0.3 ~ 0.7 Z B, B PoE RECHIE, 73673
FE/NT 0.3 FIKT 0.7 ISR (1) e s SR 8035 8 1 3L
DT I 2 3 1) s B 23 2 20 T 03 ~ 0.7 2 M8 22l
R, A5 1) S A 23 r BOR H H AE E ) 0.55 B, A
BUAA RS B S AR LR PR R A 20k, H 2 ik L&
RN AR T AE 26 M OLS ML & HEJE . Rk, sl &
FEET =, ASCH I NSUR = JiiA OLS > OLS > QR.

SRS T 7 1R 10 B R A AR R T AT A0 EOE A
5 o EA M VR, 1R 2 8 S #RR B, NSUR
T35 B RO BT RS A, 0 LR TE AR ) A
fift B IV IC B Aili U SR AR RRURT M1 B2 D7 R R B A o
LR RZE TN AR ENE L, ALK
NSUR J7 L L& ROR I AN L OLS B4, fH2 hnA
FUEE bR 45U, NSUR #0648 2 2240 T OLS. BOBK
EEDSE 1 58 20 K (Pinus koraiensis) B K 1E 354 1 18
B R R R AR R G AR K O R I R R B 2R
OLS 48L& % 5 %2 Lk NSUR #E AU g fr — 86, %+
OLS 5 QR M LL#L, ik & M7 I 24 40 A £ s N
0.7 B, BRI & HOR AT OLS, H AL R IE47
Ao A SCH & B OLS LA 208 F QR; QR
JIELE 0.55 53 Sr B0 & RO S, B2 HALE 2
AR IE T ZE 1) o FEREAY Bl 5 ZE D G, Bk
FT AL R B 3 5 A SR A 1/D? A AR BB e B0k
TRt th e e TR RL Y S 07 2 IR, T AE R AP
(R SE R, BT SR AR G A, B S5 0 LU %,
R T BRI (] 7 51 AH G S5 AR SR TEIE T B
BT 3y 22, &SR] CF = exp(s*/2) 1E N7 28
BOm bR T B S 2 . 1R 2 AR RO R
FANTTVE RS R S 7 22 I f

£ Lei 5CWRHEFL R, B AN P35 et i 9 20 oK 2%
4 1 2% 1) T MBS Y R 4 T2 el i i PR 1) B 4B AN
FHSAB AL, — 25 L) 7 227 P 25 L) o7 22 1 A Y
TEF, LAEZR PRI AN AH 5G7% NSUR, B JE iR 2=
P S: 2SLS. PA S AR 2R 1 e/ 3l il i Ak R 2 8
i v 77 VE AT 5 AR R S IR AR Y A 2, DL NSUR
BRI R B o FEASCHR, % Lei S50 A 504
INT 2R 18 ek 8 R R A T S TR, AT AA B T
& TA TR 2488, (H R TN &N
72 i) NSUR 1 8 2 250k v 77 %, FE3EAT 4 Rk
A1 7 2 AR S A I, NSUR B AS B Al A5 i
S8 K H 2SLS. 3SLS &5 7 VALE Al v B A S H ), 15
BRI T A BRI S I B o A, AR FEE
2k QR K AEZE 1 OLS #HEAT 7 ALY F il 2 Ak
i, QR Jf AR R H EL OLS S ANKG il 9L & A5 E, B
o O R IRAE 0.55 20 Sr E i, AT RLORIE AR Y A
B AL GRS L, (FAHEL TR SR OLS i /2 SR 22 o

4 % ®

AR S AL ) 2 v A2 4 AR R T I AR R ) A
PUAE R 9 AL NSUR 42 2, AL E 708 1/D It
BT (405 RS T2 fe £, [R]IN DAL NSUR #E84 /] LA$R
e A TR DL 5 R0 DA R o AR ) % 2 T i B 22 1)
T3 775 ZEFERE BT B A A . ARZeE QR 7ELME
FRIT 70 A 22 bl (AR LR OLS #& ROR i (H A2
AR HBOR e 7, IR AR Lt QR L& BUER A
— MM TAE G AL, OLS. AHIF 78 ATk 22 ¥ AL
NSUR LA AT DA S W M3 257 12 R IR UE AR
grE Rt MR K.

& % X W

[ 1] Assmann E, Davis P W. The principles of forest yield study[M].
Oxford: Pergamon Press Ltd., 1970.

[2] Hasenauer H, Monserud R A. Biased predictions for tree height
increment models developed from smoothed “data’ [J]. Ecological
Modelling, 1997, 98(1): 13—-22.

[3] Monserud R A, Sterba H. A basal area increment model for
individual trees growing in even- and uneven-aged forest stands in
Austria[J]. Forest Ecology & Management, 1996, 80(1-3):
57-80.

[4] Carvalho J P, Parresol B R. Additivity in tree biomass
components of Pyrenean oak (Quercus pyrenaica Willd.)[J].
Forest Ecology & Management, 2003, 179(1-3): 269-276.

[5] FuLY, Lei Y C, Wang G X, et al. Comparison of seemingly
unrelated regressions with error-in-variable models for developing
a system of nonlinear additive biomass equations [J]. Trees, 2016,
30(3): 839-857.

[ 6] Pukkala T, Becker P, Kuuluvainen T, e al. Predicting spatial
distribution of direct radiation below forest canopies[J].
Agricultural and Forest Meteorology, 1991, 55: 295-307.

(7] BURER, A, A, 55, RMZIHMMOLLE 3 bk 26
TR ARG H A E A 23 18] 73 AT A% JR) (1] SRS 224, 2017,
28(9): 2813-2822.

Jia W W, Xie X T, Jiang S W, et al. Spatial distribution pattern of

seedlings and saplings of three forest types by natural regeneration

in Daxin ’an Mountains Xinlin Forestry Bureau, China[J].

Chinese Journal of Applied Ecology, 2017, 28(9): 2813—2822.

[ 8] Eerikilnen K, Valkonen S, Saksa T. Ingrowth, survival and height
growth of small trees in uneven-aged Picea abies stands in
southern Finland[J]. Forest Ecosystems, 2014, 1(1): 1-10.

[9] Lei YK, LiYF, Affleck D L R, et al. Additivity of nonlinear tree
crown width models: aggregated and disaggregated model
structures using nonlinear simultaneous equations[J]. Forest
Ecology and Management, 2018, 427: 372-382.

[10] FuL Y, Sun H, Sharma R P, et al. Nonlinear mixed-effects crown
width models for individual trees of Chinese fir (Cunninghamia
lanceolata) in south-central Chinal[J]. Forest Ecology and

Management, 2013, 302: 210-220.


http://dx.doi.org/10.1016/S0304-3800(96)01933-3
http://dx.doi.org/10.1016/S0304-3800(96)01933-3
http://dx.doi.org/10.1007/s00468-015-1325-x
http://dx.doi.org/10.1016/0168-1923(91)90067-Z
http://dx.doi.org/10.1186/2197-5620-1-1
http://dx.doi.org/10.1016/j.foreco.2018.06.013
http://dx.doi.org/10.1016/j.foreco.2018.06.013
http://dx.doi.org/10.1016/j.foreco.2013.03.036
http://dx.doi.org/10.1016/j.foreco.2013.03.036
http://dx.doi.org/10.1016/S0304-3800(96)01933-3
http://dx.doi.org/10.1016/S0304-3800(96)01933-3
http://dx.doi.org/10.1007/s00468-015-1325-x
http://dx.doi.org/10.1016/0168-1923(91)90067-Z
http://dx.doi.org/10.1186/2197-5620-1-1
http://dx.doi.org/10.1016/j.foreco.2018.06.013
http://dx.doi.org/10.1016/j.foreco.2018.06.013
http://dx.doi.org/10.1016/j.foreco.2013.03.036
http://dx.doi.org/10.1016/j.foreco.2013.03.036

40

Sl Ay

L SNAEPN

i

43 %

¥k

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Sharma R P, Vacek Z, Vacek S. Individual tree crown width
models for Norway spruce and European beech in Czech
Republic[J]. Forest Ecology and Management, 2016, 366:
208-220.

BUASEE SERI SR, 2R RUH LA 7 R 7K A0 R S b ek s T
BERLI]. JERUbROll R 2274, 2020, 42(7): 23-32.

He M Y, Dong L H, Li F R. Crown width prediction models for
Larix olgensis and Fraxinus mandshurica mixed plantations[J].
Journal of Beijing Forestry University, 2020, 42(7): 23-32.
FRH, TiAE, THRE. EHRATHRAROEsI ST (1):
B RUE e [, RAEHROl K 22 254K), 1996, 24(1): 1-8.

Li F R, Wang Z F, Wang B S. Studies on the effective crown
development of Larix olgensis ( 1 ): determination of the effective
crown[J]. Journal of Northeast Forestry university, 1996, 24(1):
1-8.

Kajihara M. Estimation of stem-volume increment by using sunny
crown-surface area and stem-surface area[J]. Journal of the
Japanese Forestry Society, 2008, 67: 501-505.

Koenker R, Bassett G W. Regression quantiles [J]. Econometrica,
1978, 46(1): 211-244.

Hotid, Sar g, BT ARG o S B w3 i 7 R I D
F2 (7], MolkBLE, 2019, 55(10): 68-75.

Ma Y Y, Jiang L C. Stem taper function for Larix gmelinii based
on nonlinear quantile regression [J]. Scientia Silvae Sinicae, 2019,
55(10): 68-75.

SR WA IR A {EIEL S VN R v S e i ARAR
JesAOll R #2544, 2020, 42(2): 1-8.

Xin S D, Jiang L C. Modeling stem taper profile for Pinus
sylvestris plantations using nonlinear quantile regression[J].
Journal of Beijing Forestry University, 2020, 42(2): 1-8.

Ozgelik R, Cao Q V, Trincado G, et al. Predicting tree height from
tree diameter and dominant height using mixed-effects and
quantile regression models for two species in Turkey[J]. Forest
Ecology and Management, 2018, 419—420: 240—248.

Bohora S B, Cao Q V. Prediction of tree diameter growth using
quantile regression and mixed-effects models[J]. Forest Ecology
and Management, 2014, 319: 62—66.

WREHIZ, sk, BWAEZR, . BT HARW & E 8 Ko =
P2 T I VB S R A A A R IR LD). ARl B 22T O, 2017,
30(5): 718-726.

Chen K Y, Zhang H R, Lei X D, et. al. Effect of thinning on
spatial structure of spruce-fir mixed broadleaf-conifer forest base
on crop tree management[J]. Forest Research, 2017, 30(5):
718-726.

BREHIZ, sk, TARKR, 5. = AR R0k 6 B 45 1) RF1E 5
B LI, LB TE, 2017, 30(3): 450-459.

Chen K Y, Zhang H R, Lei X D, et. al. Analysis of vertical
structure characteristics for spruce-fir over-cutting forest[J].

Forest Research, 2017, 30(3): 450—459.

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

F 28T PRE M. 3 B Abat: s E ARl kL, 2006.

Meng X Y. Forest mensuration[M]. 3rd ed. Beijing: China
Forestry Publishing House, 2006.

WA, BRI IR, SR AL R A Il U3 5 R (D] MRk R A,
1999, 35(5): 5-11.

Zeng W S, Luo Q B, He D B. Research on weighting regression
and modeling[J]. Scientia Silvae Sinicae, 1999, 35(5): 5—11.
Khurra S M, #2E3E, Z257 35, A EHlAE T7 206 3% 2236 A SR
AR FE TS BE sz (0], bR, 2018, 54(8): 99-105.
Khurra S M, Han F F, Jiang L C. Effects of different sampling
methods on predict precision of individual tree volume equation
for Dahurian larch[J]. Scientia Silvae Sinicae, 2018, 54(8):
99-105.

K. SR A RN [D]. R REER2E, 2009.
Guan J. Quantile regression theory and its application[D]. Tianjin:
Tianjin University, 2009.

BOLI, TR, KRBT, 5. SEP AL DR SR w5 A2
HIAR A SR R T]. MRk, 2020, 56(10): 108-115.

Duan G S, Wang Q Y, Song X Y, et. al. Relative growth relations
between height and diameter of individual Korean pine under
competitive environment[J]. Scientia Silvae Sinicae, 2020,
56(10): 108—115.

AT, EAE, ZEe, 55 BT AR A AT R VRSSO
SRR AR V], #LARMOC 4R, 2020, 37(3): 424-431.
Zhang D Y, Wang D Z, Li X, et al. Relationship between height
and diameter at breast height (DBH) in mixed coniferous and
broadleaved forest based on quantile regression[J]. Journal of
Zhejiang A&F University, 2020, 37(3): 424—431.

R, XJENI, R, & T2 PRSI 20k N AR
— RBCR OR/N TOM AR L [0]. B AR A AE 4k, 2013, 24(9):
2447-2456.

Dong L B, Liu Z G, Li F R, et. al. Primary branch size of Pinus
koraiensis plantation: a prediction based on linear mixed effect
model[J]. Chinese Journal of Applied Ecology, 2013, 24(9):
2447-2456.

WER B, . WL BT AT AR BB (0], Aol A2,
2019, 55(11): 181-188.

Shen Q Y, Tang M P. Stem biomass models of Phyllostachys
edulis in Zhejiang Province[J]. Scientia Silvae Sinicae, 2019,
55(11): 181-188.

LB, o P WL BT T A AR (], MRk, 2020,
56(5): 89-96.

Shen Q Y, Tang M P. Stem volume models of Phyllostachys
edulis in Zhejiang Province[J]. Scientia Silvae Sinicae, 2020,

56(5): 89-96.

(KiEmiE LEL
TERE  Fikih)


http://dx.doi.org/10.1016/j.foreco.2016.01.040
http://dx.doi.org/10.12171/j.1000-1522.20190250
http://dx.doi.org/10.12171/j.1000-1522.20190014
http://dx.doi.org/10.1016/j.foreco.2018.03.051
http://dx.doi.org/10.1016/j.foreco.2018.03.051
http://dx.doi.org/10.1016/j.foreco.2014.02.006
http://dx.doi.org/10.1016/j.foreco.2014.02.006
http://dx.doi.org/10.3321/j.issn:1001-7488.1999.05.002
http://dx.doi.org/10.11707/j.1001-7488.20180811
http://dx.doi.org/10.11707/j.1001-7488.20191120
http://dx.doi.org/10.1016/j.foreco.2016.01.040
http://dx.doi.org/10.12171/j.1000-1522.20190250
http://dx.doi.org/10.12171/j.1000-1522.20190014
http://dx.doi.org/10.1016/j.foreco.2018.03.051
http://dx.doi.org/10.1016/j.foreco.2018.03.051
http://dx.doi.org/10.1016/j.foreco.2014.02.006
http://dx.doi.org/10.1016/j.foreco.2014.02.006
http://dx.doi.org/10.3321/j.issn:1001-7488.1999.05.002
http://dx.doi.org/10.11707/j.1001-7488.20180811
http://dx.doi.org/10.11707/j.1001-7488.20191120

	1 材料与方法
	1.1 数据来源
	1.2 研究方法
	1.2.1 基础模型的选择
	1.2.2 权函数的选择
	1.2.3 联立方程组模型构建
	1.2.4 分位数回归模型构建
	1.2.5 模型评价指标选取


	2 结果与分析
	2.1 基础模型拟合
	2.2 权重因子选取
	2.3 冠幅各组分可加性模型构建
	2.4 分位数回归模型构建

	3 讨　　论
	4 结　　论

