LV K224 2019,41(3) :501-511 http : //xuebao.jxau.edu.cn
Acta Agriculturae Universitatis Jiangxiensis DOI:10.13836/j.jjau.2019059

RN SRAT. LU TT T AR A A A R AT S L L VIR R 55441, 2019,41(3) : 501511

it vl T BTGB R e 4 g e — B ey 5 R S
TENT

CRE Z R A SRyt 2R IR A AL BT, 7T #tH 310019)

TEE BRI S AR A b 2 A EE IR A R . B R B R 1Y &, 76K X #R AR TSR R A v, mT LA
ARZ5 5y b et ARRARS B s B, JHORS JBE 5 1% 0 ) TR St 5 A > o R JUAR MR AR A i T — R 9 i 47—
A 1 AR A A LA A I A v SR A T AR A (8 B A%, R, R 22 B0 A A SR A v VA o — 114 2
TFFE W — e v IR0 SR /0 e R 5 008 1 AT 8 I 2 65 5 S I I A — A VR A R 1) T © s P 14 i A2 — v 1
BB LA E T B AR R A2 (n=241 BE) MBS (n=82 %) . K 22 2 (n=119 k) . 2 5T (n=512 B) K AZ (=469 ) .
T (n=138 B) M 25 (n=235 #k) FiB (n=1 129 #k) W AFFERT G, Fe T R? -394 22 T34 4 5% i 22 S T d s
XT3k 6 Al A2 —AR] iy R B B RO B AT VAN A LU AL, S AR 3] T 45 BRI I ) e A T 25 L . 45 2L R 1], 88
R 3)id TR 28 e ORBIRS 5 TS (5) I FH T A2 R 2228 KIS AW RIRR AR 858 (3) R (S) AR X T oAl
AARERUN AT A SRR RCLURE B . BIFIE S SR AT izt DX o A28 TR 1A A AR LA

SRR M AR A i AR s B R 5 R 5 g

RESES:ST711 XEARER A XEHRS:1000-2286(2019)03-0501-11

Diameter-Height Models of Main Tree Species in Shanghai
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Abstract: Diameter at breast height and tree height are two main survey factors in forest survey.With the
development of remote sensing technology , it is easy to measure the height of an individual tree in a large area
of forest, with the same accuracy as traditional ground measurements. Recent years, forest researchers have
developed a series of diameter-tree height equations to predict the DBH from the height measured by airborne
technology. However, most diameter-height models rarely combine crown width and tree height to predict
diameter.In this study, based on the main tree species including Taxodiumascendens(n=241 trees) , Salix (n=82
trees) , Magnolia liliflora (n=119 trees) , Ligustrumlucidum (n=512 trees) , Metasequoiaglyptostroboides (n=469
trees) , Poplar (n=138 trees) , Ulmuspumila (n=235 trees) and Cinnamomumcamphora (n=1 129 trees) in
Shanghai, 6 popular models were used to develop diameter—height models. R, mean deviation and absolute
deviation were used to evaluate and compare the six diameter-height models by using SAS software.The results
showed that model (3) performed better than the other five models for Vimuspumila, Ligustrumlucidum and

Salix , while model (5) performed better than the other five models for Taxodiumascendens , Magnolia liliflora ,
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Metasequoiaglyptostroboides , Populus , andCinnamomumecamphora.In a word, models (3) and (5) performed
better than the other four models.The results would be helpful for forest inventory in Shanghai through airborne
technology.

Keywords: diameter-height equation ; tree height ; crown width ; Shanghai
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Tab.1 Statistics of tree factors by species
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AR
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ariable FHE Standard el Standard FHE Standard
Mean Mean Mean
deviation deviation deviation
2 (n=241)
10.3759 5.6145 6.605 8 29776 2.187 1 0.8539
Taxodium ascendens
M (n=82)
13.284 1 6.430 6 9.284 1 3.3350 4.1817 1.594 4
Salix
K2 (n=119)
12.5479 5.067 9 6.640 3 1.7319 3.744 5 1.2392
Magnolia liliflora
%7 )1 (n=512)
10.136 5 3.0358 5.1276 1.3256 2.968 0 0.9821
Ligustrum lucidum
7KF2 (n=469)
13.669 1 7.999 1 9.257 6 54508 3.9318 1.564 0
Metasequoia glyptostroboides
M (n=138)
19.362 0 47873 14.166 2 4.172 4 4.8299 1.927 5
Poplar
firh (n=235)
10.027 2 6.043 0 6.146 0 2.058 4 3.8587 1.520 6
Ulmus pumila
Ff (n=1129)
17.183 9 7.196 4 7.075 81 2.743 4 42833 1.7477
Cinnamomum camphora
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Tab.2 Parameter estimates,standard errors,and evaluation statistics of the Taxodium ascendens

BH i bR 7
R MD MAD
Parameter Estimates Standard errors
FHE(1) B, 0.0126 0.000 7
0.8837 0.0325 1.383 4
Eq.(1) B, 1.1521 0.0329
JifE(2) B, 0.006 7 0.000 5
0.883 5 0.038 3 1.388 1
Eq.(2) B, 1.1243 0.026 4
B, 2.1005 0.082 7
JiFE(3)
B, 0.776 2 0.0254 09211 0.046 4 1.147 6
Eq.(3)
B, 0.1277 0.0115
B, -2.972 8 0.307 0
JiFE(4)
B, 1.4356 0.056 7 0.913 4 2.1670 1.209 4
Eq.(4)
B, 1.768 0 0.199 2
B, 42.9377 29196
JFE(S) B, 17.147 8 0.883 5
0.9259 -0.053 4 1.0815
Eq.(5) B, 0.1717 0.009 4
B, 0.2136 0.023 3
B, 3.627 6 0.1151
FiFE(6)
B, 0.2653 0.003 2 0.890 0 -0.1170 1.365 1
Eq.(6)
B, 0.534 4 0.0122
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Tab.3 Parameter estimates,standard errors,and evaluation statistics of Salix
S ik st 2
R MD MAD
Parameter Estimates Standard errors
FrFE(1) B, 0.0193 0.004 1
0.608 0 -0.0515 2.864 6
Eq.(1) B, 1.397 7 0.1927
FHE(2) B, 0.004 4 0.001 7
0.6100 -0.598 8 2.854 1
Eq.(2) B, 1.316 4 0.1397
B, 2.5189 0.402 0
JrFE(3)
B, 0.606 8 0.078 6 0.760 3 -0.050 8 2.4795
Eq.(3)
B, 0.102 5 0.0137
B, -3.067 3 1.135 1
Tt (4)
B, 0.9377 0.1337 0.757 8 -1.776 4 2.5394
Eq.(4)
B, 1.9632 0.279 5
B, 31.8875 5.192 8
FHE(5) B, 14.335'1 3.126 4
0.754 2 -0.0196 2.5059
Eq.(5) B, 0.1329 0.026 6
B. 0.2719 0.069 1
B, 4.458 5 0.459 6
Jif(6)
B, —-0.065 7 0.009 7 0.727 8 -0.093 8 2.7790
Eq.(6)
B, -0.1114 0.014 5
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Tab.4 Parameter estimates,standard errors,and evaluation statistics of Magnolia liliflora
B it it 2
R MD MAD
Parameter Estimates Standard errors
Jrf(1) B, 0.007 8 0.001 6
0.640 0 0.040 3 2.363 9
Eq.(1) B, 1.0154 0.086 0
T (2) B, 0.007 3 0.001 5
0.640 0 0.045 1 2.3639
Eq.(2) B, 1.009 8 0.0739
B, 2.689 1 0.2679
JiFE(3)
Fa(3) B, 0.524 4 0.073 1 0.804 1 -0.0120 1.713 5
¢ B, 0.167 5 0.016 3
B, -4.2254 0.884 2
JiFE(4)
B, 1.009 9 0.189 2 0.785 6 -6.366 5 1.791 1
Eq.(4)
B, 2.5298 0.281 8
B, 429128 10.456 8
F(S) B, 19.833 8 2.866 8
0.807 1 0.0352 1.714 3
Eq.(5) B, 0.1270 0.023 1
B. 0.264 1 0.038 6
B, 3.803 5 0.250 8
FiFE(6)
B, -0.074 8 0.011 8 0.786 2 -0.069 7 1.873 3
Eq.(6)
B, -0.172 4 0.017 6
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Fig.3 Residual plot of diameter-height Fig.4 Residual plot of diameter-height
model for Magnolia liliflora model for Ligustrum lucidum
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Tab.5 Parameter estimates,standard errors,and evaluation statistics of Ligustrum lucidum
¥ it FRafEis 2
R MD MAD
Parameter Estimates Standard errors
FFE(1) B, 0.0259 0.002 4
0.523 8 -0.098 6 1.6197
Eq.(1) B, 1.888 4 0.002 4
FHE(2) B, 0.001 3 0.000 3
0.526 1 -0.0111 1.6153
Eq.(2) B, 1.703 7 1.5557
B, 3.8384 0.1229
JifE(3)
B, 0.336 7 0.026 7 0.7312 0.038 9 1.2118
Eq.(3)
B, 0.1699 0.008 7
B, 0.772 0 0.292 4
FE(4)
B, 0.769 8 0.070 5 0.713 7 -3.8453 1.250 7
Eq.(4)
B, 1.822 6 0.095 2
B, 101.4 112.0
FHHE(5) B, 26.196 7 28.437 8
0.727 5 -0.008 7 1.2203
Eq.(5) B, 0.083 0 0.013 1
B, 0.2053 0.0299
B, 39110 0.009 8
FHE(6)
B, -0.073 9 0.0059 0.7272 -0.030 3 1.2225
Eq.(6)
B, -0.1823 0.008 2
F6 KZHE-HERENSEMGITE RERRERTNSEITE
Tab.6 Parameter estimates,standard errors,and evaluation statistics of Meftasequoia glyptostroboides
2% fii i 2
R MD MAD
Parameter Estimates Standard errors
FHF() B, 0.026 4 0.001 4
0.736 3 0.009 7 2.733 17
Eq.(1) B, 1.721 4 0.074 4
FFE(2) B, 0.002 6 0.000 4
0.7353 0.0180 2.746 0
Eq.(2) B, 1.509 8 0.046 3
B, 2.6414 0.094 4
JiR(3)
B, 0.494 5 0.016 3 0.892 8 -0.028 9 1.775 1
Eq.(3)
B, 0.193 7 0.007 1
B, -4.168 2 0.3599
TiE(4)
B, 0.820 3 0.029 5 0.881 4 1.380 6 1.9579
Eq.(4)
B, 3.3027 0.136 6
B, 48.634 3 2.902 1
FHHE(5) B, 18.6197 0.008 1
0.893 5 -0.0210 1.797 8
Eq.(5) B, 0.079 0 0.004 2
B, 0.369 4 0.020 6
B, 4.336 4 0.126 1
Jt(6)
B, -0.0456 0.126 1 0.866 4 -0.161 4 2.105 8
Eq.(6)
B, -0.204 0 0.008 0
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Tab.7 Parameter estimates,standard errors,and evaluation statistics of poplar
28 fliTHA PRt
R MD MAD
Parameter Estimates Standard errors
HFE(D) B, 0.018 4 0.003 2
0.505 6 0.114 6 43212
Eq.(1) B, 12677 0.157 4
FHE(2) B, 0.007 4 0.002 5
0.503 7 0.1413 4.3289
Eq.(2) B, 1.178 8 0.106 2
) B, 3.0174 0.4950
ITHE(3)
B, 05421 0.068 2 0.7217 0.0177 3.1217
Eq.(3)
B, 0.093 9 0.008 2
B, -2.5102 1.286 5
JifE(4)
B, 0.804 0 0.099 0 0.714 4 9.744 9 3.1409
Eq.(4)
B, 2.1703 0.214 3
B, 79.062 1 32.948 2
FHFE(5) B, 15.461 8 4.720 3
0.744 4 0.0318 2.966 4
Eq.(5) B, 0.063 2 0.0111
B. 0.1373 0.032 4
‘ B, 6.126 4 0.450 6
JTE(6)
B, -0.048 3 0.005 1 0.738 8 -0.013 1 3.0583
Eq.(6)
B, -0.085 7 0.008 1

3.7 KRk
6 M7 FE IS BN TIHE FRIETR SR PEN G i WL 8. H R 81 B 6 1 I 42— v AR i) 24K
AT HE AR SR PR R 22 (8, 7T I S S R 28047 B L (P<0.05) , 1 X SERi R R* #8534 T
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0.6~0.8, FrixX LERIAY rpr IR (3) (1 R dg i, OB O 0.807 9, HLWEE — @i i J& R (5) , BBl
0.803 3, BUE B MRS 7 (2) , BUE ] 0.652 4. ILAh, i A% MD%ﬂMADmtm/J o Hk RIERR 2K
(& 7) AT 50 W50 (3) f5R 22 R 23 1E 0 bR, LA A) T DU &k BT 1 (3) i

*8 *ﬁi%‘%‘@ﬂ@{:—w.%’f%i“E’\J%“éﬁlﬁnﬂﬁﬁm&w&’fﬁﬂﬁﬁéﬁ‘l‘z
Tab.8 Parameter estimates,standard errors,and evaluation statistics of Ulmus pumila
B i bzt 2
R MD MAD
Parameter Estimates Standard errors
Jrf(1) B 0.007 4 0.000 9
0.652 6 -0.082 5 2.026 1
Eq.(1) B, 0.9470 0.0455
T (2) B 0.000 9 0.001 0
0.652 4 -0.014 5 2.2612
Eq.(2) B, 0.956 7 0.039 8
B, 22174 0.1572
FHE(3)
B, 0.608 5 0.0552 0.807 9 -0.0318 1.775 4
Eq.(3)
B, 0.1311 0.009 5
B, -5.7395 0.605 1
TifE(4)
B, 1.3309 0.132 1 0.7727 38551 2.1017
Eq.(4)
B, 1.966 2 0.178 9
B, 46.024 0 4.9200
FHE(S) B, 22.898 9 1.745 8
0.772 7 3.8851 2.1017
Eq.(5) B, 0.1349 0.016 0
B. 0.243 8 0.0279
B, 5.729 8 0.329 1
Jiti(6)
B, -0.057 6 0.0111 0.803 3 0.020 8 1.809 6
Eq.(6)
B, -0.1050 0.0152
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Fig.7 Residual plot of diameter-height

model for Ulmus pumila
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Fig.8 Residual plot of diameter-height

model for Cinnamomum camphora
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Tab.9 Parameter estimates,standard errors,and evaluation statistics of Cinnamomum camphora

2H i B 2
R MD MAD
Parameter Estimates Standard errors
FHFE(1) B, 0.0218 0.001 5
0.441 4 -0.021 8 3.968 5
Eq.(1) B, 1.940 0 0.096 8
FFE(2) B, 0.000 9 0.000 2
0.443 1 -0.023 6 3.9589
Eq.(2) B, 1.6850 0.060 2
B, 5.3138 0.1751
JI(3)
B, 0.384 2 0.0192 0.717 3 -0.065 5 2.689 4
Eq.(3)
B, 0.104 2 0.003 0
B, -0.292 5 0.358 6
JiEE(4)
B, 0.781 4 0.049 5 0.722 1 -1.2009 2.660 7
Eq.(4)
B, 2.664 7 0.077 6
B, 64.272 4 4.4102
FFE(5) B, 11.649 8 0.638 0
0.7322 -0.054 9 2.574 8
Eq.(5) B, 0.067 6 0.004 3
B. 0.204 3 0.0101
B, 7.3194 0.1521
JiE(6)
B, -0.047 3 0.002 7 0.693 9 -0.123 6 2.850 8
Eq.(6)
B, -0.1057 0.003 1
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