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Research on Model Groups for Annual Standing Volume Growth in Zhejiang

DAl Jinsong, JI Biyong, XU Da, TAO Jixing

( Zhejiang Forest Resources Monitoring Center, Hangzhou 310020, China )

Abstract: Data of fixed plots of continuous inventory for forest resources in Zhejiang province in 2018 and 2019 were collected for data modeling,
among them, 10% of data were prepared for independent verification of standing volume, DBH and height. The models for standing volume growth,
DBH and height were established with two modeling units and four forest groups (pine, Chinese fir, hard broad-leaved and soft broad-leaved), and
that of multi-scale compatible model groups at the provincial, cities and counties level were established with conversion coefficient. The results
indicated that the values of R? for the volume growth models were greater than 0.63, with rRMSE smaller than 0.2, the values of R? for DBH growth
models were greater than 0.98, with rRMSE smaller than 0.1 , and the values of R? for the height growth models were greater than 0.61 with rRMSE
smaller than 0.2. The fitting effects of the model group were significant. The model groups were applied to the forest resources subcompartment data,
the annual volume growth rates verification effect was good (R? was 0.8109, rRMSE smaller than 0.2).
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B RRRY SR B Y 7k

DIARARTEIERR B AN ( Z2/NE ) AEaRAARRITIR. “—skIE” FEFEH, BB, Mz,
P S A B HAZ O N 2 . TR R AR R S ST AR B W I AR, MR A S MR R, gl
SLEE SRR E E R, AR IPRE RS, XREEM T . T B SR ERTEA, EARAGTH
TR0 YRR AAE A K AT S AR L T LA S S (1) AEREUEIIN R 2RI R AR AR (ki
BN, AT SIS SABPRAE AR O REHETTIN s (2) Mt Wi . BRI BRREL . B A BB RAH G P
Ik i — AR, ST 2 EKdebR;  (3) ZERE @A S A TRAVESL T, Ity
i BEAAEREMZ, BA R PR R RIRIZ

AWFFEFI 2018 4FEA 2019 SFEAIHHT A AR FELLE A E EEE, K. 2K Cunninghamia
lanceolata. T[] . #KhE 4 MR BB Mfe . SRR, LA R . . BER
FEMZSHIMASE A KBRIA . %7 IERE e s . iRk SR EIRILEIRSERE, IERENS 5% AR E
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1.1 HEHEEATE

SR AW T AR 2018 4FF 2019 4EPIIAY 4 252 DR IRESHE A M e e (fRiFR—2SRE ) 2,
i e FEb /N A 28.28 m x 28.28 m, [HiFR 9 0.08 hm?, i) A A4FA) 5—10 H o 3 SR P 28R HE AR |
M2 AERZEA . R RRA . WRR . MfRSE, W (EIRBRNEIRESEE: LA S LIRE B AR
gy MU TR fEE . HRTCE SN BRI S A, R E R E AR AU AR AR
TERERT,  FORHUHIRERLA) 2RI TR AR Bt , it 1366 A5 A e SRR A 2019 SRR ARAREERL Y
SEIFREEAR (BMEHIE BRI P IINARE 3 ~ 5 BRFE R SRS ) SRS, it 6 039 #k; BAEPY SR
TRBAEAA PR AR e ST AR SR R B U S50 S AR, 3t 16 803 k.

SPREARBAEA TR, 4G (1) AT oA R A B —3, AR EET] 12 MH, ASGRR
AEFEF (2H) AR AR KR AR ECHLEIE R, %t 2019 SRR REARE R TIRAT I IR EIB1IE;  (2)
SBRPIHAFEAR RS SR P CRAR . #h3E. SRR RR;  (3) HIFk 2019 4 RARAR, FHXHRIIA . ASIAHE
TN aAslal g, B fREBAE AR R (R ER | SRRSO . AR ARSI G LTS WL 1.

R1 BEEARIELRS
Tab.1 Data modeling

SRS W () FEARELIRE I S I PR
2018 6.10~22.96 11.76 2.61
AR 289
2019 6.81~23.30 12.12 2.64
2018 5.69~25.55 11.84 2.72
VN 304
. 2019 6.26~25.80 12.21 2.67
PRA NG FR/em
N 2018 6.24~26.15 10.40 2.67
i i) 689
2019 6.61~26.32 10.71 2.67
‘ 2018 6.57~25.01 12.03 3.27
i 84
2019 7.02~25.32 12.40 3.28
2018 4.00~350.00 78.13 53.38
e )3 2 [/ /N 289
MAZHE/(m*-hm?) 2019 4.25~362.50 83.38 55.25

R 304 2018 2.38~355.50 98.88 60.00
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1 (&)
SER FiFh () FEAREURR SEIAE Ju “FHE b2
2019 3.13~365.38 105.88 61.88
, 2018 4.88~363.00 73.50 45.50
T 7] 689
2019 6.00~370.88 78.25 46.63
, 2018 7.00~259.13 64.63 40.25
i 84
2019 7.63~266.75 68.88 41.38
WA 971 3.0~19.0 9.87 3.05
. . * 1442 2.5~18.0 9.29 2.65
FREAR 5 /m ’?k 2019
T 7] 3312 3.2~23.0 8.43 2.23
| 314 3.0~20.2 8.74 2.38
2018 5.0~39.7 16.06 8.63
AR 905
2019 5.2~40.0 16.76 8.66
2018 5.0~37.6 11.39 5.53
PR 5003 2019 5.0~38.1 11.86 5.61
DY 5B AR AR em : : : :
‘ 2018 5.0~39.2 10.29 5.76
i 6 227
2019 5.0~39.9 10.85 5.96
) 2018 5.0~39.3 10.24 5.52
LS| 4668
2019 5.0~39.8 10.89 5.74

1.2 RBVEE

R LI A BT A0 B bR, AR R | P A AR | MR B R, e TR
PROPRIBUEPISEA 2 28, AR RS . A28, Tl SR 4 28 . BB e fud® . (1) DIPTBIRAHK
RO AL S ZRAR T WA RS A AR 5 ( 2 ) DL DY 55 B A ) e A R A D S5 AR e A RAS R
(3) Ll 2019 4EFRARMMEH-FIIbREA ARSI R A FNT - PR (4) DIPTSR R
A (5) i REFAR R B ARG . B, BRRE | e S ey S LA AR R R it
L, B HERR GRARFEOU ORI REFERL, WA (1) ~ (3) o

V=V x(1+p xr,) (1)
D =Dy X(1+pyxrg) (2)
H=H % (1+p, xry) (3)

BB, VOREERRE, DohEliNeE, HoREIRE, Vi REDHERE, D AEpiiE, Hy AT

HI

W, p AEBUEEAERE, p ARSI, p ARTEAEAECE, n AEBEHRREL, ro AR EEARREL, roh
et 2
A (AR B EA KRR HBANE ) (PR ANRILRIEMOLES 1996 48 ) AR AR RER, ARk
A (4) IR BEBVERETMFRS, A (5) AR E KBB4 (6) M A K wHi
AL, A7)~ (9) Spkll ks WA 27 R0, ARSOMAAR | AZA Bt 35 PRI R
AR DU SS R E B R TI0N i 5 A . REE SRR, R SEB Bt T
C1xD..

p,=Cyxe W (4)

_ H R
Pa D
HY

Co+Cy1xD..—D...
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A_, —A.
Jaflt
p.= (6)
h Hﬁﬁﬁ#
A, =Cy+-2 )
= Cot D+C;
A, = Co+CyxD+CyxD? (8)
~ <1
th = COX eF (9)

R (4) = (9) 1, p, EBUREKEK, p WREEKE, p UREFEERE, DOV, D M
o, A WIS, AL R, R ORI A R R, A AR i 2 R
i, R i BRSO, Cou Cru G WBURRIA RYL.

T B . MR M SR AR 2, RORI A KRR, R B 4l
B RS, AU T R A RPN AR A RS, IR R KR P
HEBVE KR I 5 B 5 2 TR S E 0, BV 5) f EL B B R R, ) SRy RN
EERFR (rg) RUEEBEEBAROIE, WAR (10) - (11) .

Py,
r, = = (10)
Phasy
rg=r, =3 (1D

1.3 1RAIIE RS I

M—ZRAE AR P AL 100600 FEAS F FXTESRY . Mafe . AR B b TS I0IE , LA F 1 st
R T RAERL R T AR IR < —k & HARE RS, ASGALI AR 11 AN IR T B — 2R E B A
W AR B2 AT T AR . PRI TERR SR R UL E 25 (R?) | B5RiR3E (RMSE) | AHXTE 7R
2% (rRMSE ) M, R¥UK, 35dHH A 78 Bt A AR S A AR S RERE b SCIME 54k HEZ [)A) RMSE #U,
FEHHREFIN) TSRS 5 rRMSE & SCH RMSE S THEEARFIMEAI A, B/ 0.1, BRI FiiRL
WAREIF, EHAT 0.1~0.2, FEIHBRIFINRCR:, EAT 0.2~0.3, BRI B, EAT 0.3, it
HARERIPIINASOR 22 IR ENASR (12) ~ (14)

g(xi-fi)z
RZ=(-&1 ) x 100 (12)
,ggxi_fi)z
n
T(xi—%;)?
RMSE = % (13
rRMSE = R“fcfE (14)

AR (12) ~ (14) W, n JREAR%E, x RSN, 2 RN, ST EARTY), 2R
A

2 HXRGpH

2.1 1ERE RIGIE
TR Z B BB 25 SRWE 2 I 1, M B KRERIAH) R BT 0.63 ~ 0.837, RMSE {HAT
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0.011 ~ 0.023, rRMSE {i4F 0.159 ~ 0.192., AR/ FHIMafatirizti) R? BT 0.98 ~ 0.998, RMSE i1 0.162
~0.327, rRMSE {8417 0.013 ~ 0.027. HittkDY sk iafepiriistag R (EA T 0.986 ~ 0.997, RMSE fE4-T 0.507 ~
0.775, rRMSE {EA~T 0.031 ~ 0.07., W itsisisa) R (BT 0.614 ~ 0.707, RMSE {E/-T 1.082 ~ 1.523, rRMSE

AT 0.159 ~ 0.186.,
%2 BREARKREEITNER

Tab. 2 Coefficient and accuracy assessment of the predictive models

, AR I FIEbR
o i () BRAR 2 BIEH,
Co C, C, R RMSE rRMSE
WA 0.221 26 -0.088 01 0.743 0.014 0.163
oBEM AR 1.683 17 —0.265 45 0.837 0.011 0.159
R ik &) 0.314 39 -0.139 44 0.630 0.023 0.192
i 0.338 99 -0.124 42 0.719 0.017 0.183
WA 0.283 15 1.006 48 0.994 0.203 0.017
V) N 0.624 48 0.978 33 0.980 0.327 0.027
Motz T i 0.33353 0.997 42 0.995 0.179 0.017
i 0.348 38 1.001 89 0.998 0.162 0.013
A 0.641 15 1.004 11 0.997 0.541 0.031
BAEPY SR AR 0.339 50 1.01114 0.993 0.507 0.042
iz i) 0.298 50 1.024 80 0.993 0.587 0.052
i 0.418 11 1.022 66 0.986 0.775 0.070
AR 20.720 15 —223.490 00 7.534 70 0.693 1.523 0.185
- N -1.21929 1.077 91 -0.018 22 0.707 1.402 0.183
= #lE 14.669 09 6.092 71 0.614 1.210 0.186
e 16.309 71 6.826 48 0.635 1.082 0.159
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Fig. 1 The scatter plots of the estimated by models and determined values
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22 BEREHRAY

MRS RR R AR R LRI 3. RS A RSB REEORZE R B3, SRS R B,
PO T WML PN 4. &t BN BN 8 AMRIXTTHY BRI, FRTLATT, REFRIZEE. i
WSFIEIR, ERAPEHEMESE, SIFh— Gt 3k 3k, MOmEBEHLAMMEAN T 08 ~ 1.2,
PR B B im0 R T 0.928 3 ~ 1.062 7. HUMTTHIMR S R R EA T 0.839 7 ~ 1.103 1, AT
B R R T 0.943 4 ~ 1.033 2, i), IRZXHIMIER . MAMIE PR AR R 2RI,
HAbE (T, X)) BMSER . MORME R e A KR e T2 T

®3 ANIATEMEMAER . MARERNESRERRRER

Tab. 3 The conversion coefficient of standing volume, DBH and tree height in different regions of Zhejiang province

P I RE e AR P IR
T e EH WM T T

Wi 1 1 e 1.0564 1.0185 JHEHE 09134 0.9703

BUMT WX 1.0024 1.000 8 A N ] 11424 1.0454 WiFE 11239 1.0397
HiJEE 09900 0.996 7 BT WX 0.9542 0.9845 TN 09321 0.976 8
EzH 1.0743 1.0242 fEEH  1.0266 1.0088 FHld 4 0.9550 0.984 8
AT 1.0136 1.0045 KMH 09547 09847 MW X 1.1039 1.0335
EHHIX 11031 1.0332 o 0.8878 0.9611 =18 11436 1.0457
IfZ2X. 0.8397 0.943 4 A WX 1.0408 1.0134 REH  1.0680 1.0222

TWW WX 09993 09998 FrEH 10317 10105 flyEH  1.0178 1.0059
%0l 09979 09993 #HEH 10151  1.0050 WG 1.006 2 1.002 1
THFE 09938 0.9979 IENT 1.0219  1.007 2 ERAT 0.9512 0.9835
ZEIX. 09197 09725 £fEm WX 1.0864 1.0280 JRIATH 09512 0.9835
AT 09846 0.9948 RYH 11074 1.0346 PR GEHRX. 0.946 1 0.9817
ZEIZT 09846 09948 WITE  1.0187 1.0062 FHE 09816 0.9938

WIMT WX 1.0547  1.0179 oz H 1.0072 1.0024 wrRHE 09195 0.9724
AKFEE 09692 0.9896 22T 11468  1.0467 #E 1.009 3 1.003 1
SEFRHE 1.0564 1.0185 X1 12000 1.0627 WARHE 10177 1.005 9
HEgH 1.0564 1.0185 ZFHTT 1.0549 1.0180 =HIE 09837 0.994 5
O 09420 0.9803 KW 11626  1.0515 FtHE 09825 0.994 1
ZEMiE 09188 0.9722 W WX 09170 09715 BTH 09210 0.9729
B2 1.0025  1.000 8 HILE 08000 0.9283 JesRii 0.9480 0.982 4
SRIETH 1.0922 1.0298

TR SRR R BT 0.919 7 ~ 0.999 3, AN B 530 R BT 0.972 5 ~ 0.999 8, FIf
A (. X)) IR ER L ORI S S A K R T 24 F3ME ;s TR AR B R R BB
F 0,918 8 ~ 1.092 2, MAMIR KW B b4 REAT 0.972 2 ~ 1.029 8, /KFEEL . SO EL . ZMAELAIMRAS B Ak
KA KR T A FHE, M (7. X) RS ER . AR ZR SRR ST 24T
YA 5 WM T AR B AL R BB AT 0.887 8 ~ 1.026 6, MM R E 4640 2K T 0.961 1 ~ 1.008 8,
HEHEAMTER . RN EERRES T2A THE, HMdE (. X)) BRaER . R
AEREILT 2 PEE; F24TNMRS B EAG R BT 1.015 1 ~ 1.040 8, MARMIFE I a4 R EANT
1.005 0 ~ 1.013 4, £ ETTHIMR > BTSSR BB AT 1.007 2 ~ 1.2000 0, FRANGIE B b T i R AT 1.002 4 ~
1.062 7, PIATIEIRTAE (T, X) MRS ER . MORKERRE AR S T8 FE; BTk &
AL R BB AT 0.800 0 ~ 1.123 9, MORMR BT EAARRE AT 0.928 3~ 1.039 7, WIFELM . MoAN
BRPEARRE T 2A FE, HAE (7. X) BB MRS KRR T 28 FE; &
TR EBEARREAES T 0.951 2 ~ 1.143 6, MR S g4 R/ T 0.983 5 ~ 1.045 7, EIRTT. i
ST B MORKE R E A E KRR T 24 FE, HALE (7. X)) BIMaSER . MR &4
KRR TEATIE; KT B BEHR REEANT 0919 5 ~ 1.017 7, MAMIE LW EFEIR RN T
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0.972 4 ~1.005 9, FER . MHEMNMSEH . MAMEEMEERKRRS T8 FE, HiE (. X)
IR BB . ORI A S AR KRR T 248 FIME; 45 mAR LT DL T Bt &, 4000
B MR R SRR S T 2A FME, WoEREIRRECh 1.142 4, MORIE KR EFR R
B4 1.045 4, FHUTTRIMRDZFR . MOARMIE EAE KRR T 28 FIME, OB RE0h 0.955, MR
Wt KA 24k 0.984 8.
2.3 EHINLE R EIEIE

A48 2019 AT — 2SR A B AR B SRR (SEIINED ) SAEAY S AR B AR KR (A IIMED ) Z55R WAL 4.

F4 Fihh 2019 F-LMHSRBVERKSERBREKELR
Tab. 4 Comparison on natural volume growth rate of continuous inventory plots and model updating in different regions in 2019

Wil — PR 2019 AEAEHI B — MR 2019 AEAEHI B

PR FE% HiTi R /%
AR ERAREKEN R T
BT 5.79 5.55 -0.24 Kot 5.09 5.56 0.48
TR 6.44 5.81 -062 i 6.94 7.50 0.56
TR T 5.04 5.87 0.83 Sl 6.82 7.77 0.95
w4 10.87 0.86 -1.01 =il 5.31 6.11 0.80
T 9.85 8.60 -1.25 PE7KTR 6.62 5.99 -0.63
24T 6.22 5.48 -0.74
T RN 2019 AEBIEFE R ARERKR - —ZahBEERARERER,
i 4 AT AT AR B B K o1 - _
R () SEAEHEBARERR (R 1 o ° MER
PRI M - SSEDAT - 1.25% ~ 0.95%. HH, Z oo ] oo
6 NTRBIRI BB A KRR T — KA, S 500BE B oo | @ o
T, T B, N mOkn 5 Al 00T e
BORSOR A KR TR, AT, & F o | B0 e 0008
A N AT DA 11 AT, R 0.04 4= . . . .
ferir, T, ST, ST, DA 11 ANk A oo 008 008 010 oo

TCH AR IR IS B A KRR 4 R 5 — 2R E
BA KR PSSR A W 2. hIE 2 w5, R?
f>4 0.810 9, RMSE {E >4 0.007 8, rRMSE {7 0.116 2
(/NF0.2) , FIHERINEIECRET

SRR R
B2 &4 1A TFEREREIHF A
HREAEMMEE#ER (n=11)

Fig. 2 The scatter plot of annual volume growth rate of sampled
median and model predictive values in 11 regions of

3 ég —I/@,’—:j ‘Vj -f;& Zhejiang province

AWM 2018 45, 2019 4 PHHAB)ARARTE IR ELLiE A M @ AR A ERTR, AR AR Tl .
AR 4 AR, GBS, S5O R RS, E T ARRRFRAR A | T, B 3 AN M
ERVE KRR, JFHdE 2% (R?) | ¥5HRiR%E (RMSE) | XS HIRZE (rfRMSE ) 3 M fabRNT
TR HERPE ST SR TI0IE . A3 LU T 451

(1) @ ESTAARD BB R, Ry A KB E . SRR RSN E L
LA Pinus massoniana . AZARSFEHHAMFI A 32 . BRRISE LI 45 6 RIS 7 IR EI R AT IR IESHE EAZ AR
¥ RE FEMBESE AR, AN R R ARG PR A ST A AR BBV KRS B R? KT 0.871, B iiELIAE
48 1998 4EFI 2003 AEPIRARMRRIRIEA 150 BUZAMKE b, @ST A AR E K RIEAEE RN
0.8414, AL 304 MEAREAL AR B BVE K RIRIREEE R? 4 0.837, SR WNIRMIMIZTLE R —3, hTRHE
SRR IE A RN, AR SO A SRS EE AR TR R SR T 4G 5 . FLESIE LI Vi B V6 X R A g
I 2015 4 ) 2 PR EOR ST B B R AR B BRI RS R? 4 0.55 ~ 0.61 B, s Fil VU H IRIX
2006 AEZRARRIEESHA 127 M RIRZFZ Picea asperata BRI ST I KR ZAZ B RVE K BRI AURY
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J¥ R 29 06207, KM EAE LUK 3, ARASRE AR T — 25 AR SRS R, AP AR EE R
AR R ABTIRERE R* S 0.743, KB TFLIEE AT 45 0 . iOIoe £ 2 LU — R BBV R R N 32,
Bl A R S G — S, SO R RFR O APAR . AR . BEE . KR 4 2%, @SRRI L
SRR k" NS O RS, A R TR Y

(2) Wfe. W RE BN TEER 1, AR EFHS BT . RS R 2017 4F4E 5
TR IS S5 2 F 48 T A0 568 P2 FiA% Pinus yunnanensis FREYE EREHIEE , ST aObRo P Erks
FIRERE R® 2 0.65 ~ 0.730%, FLIB AR Vit F IR 1K B IR v A L) AR S P B RIS B R? 2 0.76
~ 0.78%, ASCHIMAAM A AIENAY R? 4 0.693, MESIR G LI ARSI 5, BIERER A A G
[X. 2001 4F AR EELSLE A A0 493 Mt EHERBAY S ATFEARYERE, @E3rA) 12 MR (4) MR
BERIRERE R* AT 0.81 ~ 0.961°, BAFIBE T HIAZ AR FHIMIEARIRE EE R? b 0.8601, A STt AiT R A Y
HAERBE A 14E, AARKEMRTEN, BEIEIEOR S E R, R B S TR AR R AR (Ao
PRI R AT 0.980 ~ 0.998, HAEDYSHRIIAAAIZAY R* (AT 0.986 ~0.997) .

(3) TEAMEAKENEN T, ARG ITEEE, A SCE KRR ERIR RS, W TEHRA
[]TE A S 2SI RAR AR, SEBL T AR, 1. B ANRRI R EEROSRIEER, SR8 T &I 4s R ik, 1%
RRIZH R T AR IR “—sKIE ANIEECE S0, 11 M bt igs S SRl P (B B0 365IE R 24 0.810 9,
rRMSE /T 0.2, FHHMERIZABENS A I HT R AR A = 20K

4 AL RE

MOV ERZBIBSIHIAE . UREREE . RO ERSE S+ 5518 2 7 T A SR B0, ARGEFL IS E T PRt B
IRXEA R R LR, SRMMESINBIN R 75, MR R EE T 0.04, FEBWE RO IRE T
0.06, SINTHUEEENFIG, WA R EIE 17 0.06, HBWR R I T 0.07%, A5 FOR F A
HASEL, SRS T LA RN S 2 00520 -, LA, I 3 Y, SR BN Y
MR RE o
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