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Average DBH growth model of a stand with environmental parameters for

Pinus yunnanensis in central Yunnan, China
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Abstract: Pinus yunnanensis is the main dominant species and plays an important role in southwest China. An
empirical model was provided to study growth dynamics of P. yunnanensis with global climate warming using a
stand growth model and analyzing the relationship between parameters of an optimal model and a model with
environmental impact factors. The growth model for average DBH of a stand was established with a nonlinear
regression model. The model was based on data in the continuous forest inventories (CFI) for Yunnan Province
along with meteorological data and then combined with six kinds of fundamental theoretical equations. Results
showed: (1) the Gompertz Model was selected from the optimal model using the parameters of maximum coeffi-
cient of determination (R* = 0.648) and the minimum root mean square error (Rys; = 3.384). (2) The degree
of influence for environmental impact factors on the DBH growth model was humidity index >altitude >mean
annual precipitation > potential evapotranspiration >mean annual temperature >warmth index > canopy densi-
ty>>soil thickness>slope. (3) The relationship of average DBH growth of the stand to topographic factors and
climatic factors were positive or negative. Topographic factors, such as slope, had little effect on stand DBH
growth. Also, temperature influenced mean DBH growth through control of precipitation. In conclusion, the best

model introduced environmental factors as a combination of the two parameters (R? and Rys:) to explain the
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influence of environmental factors on average DBH of the growth model. [Ch, 6 tab. 25 ref.]

Key words: forest mensuration; Pinus yunnanensis; growth model; parameter; environmental interpretation
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0 A AT A ) P9 B R ADERFE B AT . ARAR S IR Z M A AE B B AN AT 43 B IR R, AH L5 1) 1Y (] B AH
Wil 2y, IR —AE AR . PRI Pt B 52 A 1) PR B R 38 (Rl AR AR A S 7, AR s v] 43
R BB R M R A L PR R AR AR RS2 i R BLAE 2 07 T, AR A K 2RO
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Table 1~ Stand growth models

Ay BEAE 2 S8
Logistic y=al[ 1+bexp(-cA )] a, b, c>0
Richards y=al l1-exp(-bA ) J* a, b, c>0
Gompertz y=aexp[—bexp(—cA )] a, b, c>0
Mitscherlich y=al[ 1-bexp(—bA ) ] a, b, c>0
Schumacher y=aexp(=b/A ) a, b>0
Weibull y=a[ 1-exp(-bA°) ] a, b, c>0

By MBS F I (em) 5 A BT FIEER (2)5 a, b, ¢ AT SHL

22 HEBEKIE

BT RS 5B 20% 0 = A RE B, AR BE A IR SR, Gl 1 P R R R RN O AR R 22
(Ers), MAHRTIR2E (sum relative error, E.), “FIAHNT1R 2 (mean relative error, Ey), 465735 FH Xt iR 24
(absolute mean relative error, E,)F1T04f K & (predict precision, P)Xf 58 {22 55 1 3647 bL 4%, PR
ORI =0 R 4 o = R/ v (1l

(1)
(2)

, (yi_j\/i)
E==1  x100%; (3)

7,
i =1

Ev=L1Y (Y78 )%100%; (4)

n.-i Yi
E=LY L;L x100%: (5)

n ;- i

P= t“\/i; 55" %100%. (6)

- yiVn(n-T)
R (D~2(6) ey BRI ; 5 BRI BE(E; y NEPRE R E B n WREARRL o BAE KO

H a=0.05 WFHY ¢ S A (AL T4 RO R B8O EG FH BN 0, W5=1 5.
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23 "KEEFHEESIHE

PR | R FURIEES AR 7, Hrp s ARG 74 41 2l (mean an-
nual temperature, T,), 4F-34: 4538 B (biological temperature, Ty), ¥R BE 45 %X (warmth index, Iy); 1%
FARIT IR W A 4FF 2K i (mean annual precipitation, Py); fURKREEG TR N T A IEEZR
HLE (potential evapotranspiration, Exy) FIEH +8 %% (humidity index, 1),

BRI E(L AR 1 a b AR 5 CHAIRZ M, Y ERMHEFM4 ., R INEmR(T7):

=2, (1=5), (1>5). (7)

XD 6 R D HARFERRCC), n X TR

ARV 25 A2 )" R EE () S 46 38 A FE ) A= O T Y AR P R, — R sy | o 0~30 € SR
fliT 0 CHe 0 CIF5, & T 30 Ci4% 30 Cila . 45 EURE H U 1 Sz WoAF 1 28 2 15 0 fige 22 [ 1) O AR 345 1
PECU, TR 97 AR (8)

Ty= D, 15, (8)

K@) Ty HRT 0 C/NT 30 CHHFEI; n XL H G5
P 4 R (L) JE A R AR AR L, S K 2 A R SR A FU L, — B AR KR S e
ZRRCR I AR R o (HMOR, SRR . 1577 = (9) A (10)

P
J=2a .
H ETQ ° (9)

0.408A(R.~G )+y% Us(es—e,)

A+y(1+0.34U,) ’
K (9~ (10) H1: Py AERE K i (mm) 5 En i RIETEZR R (C- 1) o Hat B AKX =% k([ 22], R,
NEEES R G oy HIERGE A y AT EEG TR 2 m AR AR U MRS 2 m AR
FRIRGE 5 es Fl e, 23 B AN PRE A SE BRI s A S AT R AR A K R s e mb%

3 HEREAM

31 EFMRZEMRHSFHREERERNE

FEF AP IX 80% 11 = i A REHLEHE , SR FHER 1 v ) SR AR 0 A A BT X R 431 349 i A58 32 4 A5 7R 41
o HE2WH, 6 MBI LG ZE AT, B Shumacher BE7Y 1415 PeE RE(R?)LE 0.60 LR,
AT Y P05 HORARIE, 272 0.62 P b Jrp, Gompertz S5 (4005 BCR Be b, R 155 0.648, Envs N
3.384; Schumacher BT (4005 20U 5c 25, R* 4 0.544, Ens 4 3772, JEF RS 5 @B 20%0 = 714
FEHL A, MOE AR R 25 (Es), “FIAEXT R 22 (Ey) , 40X XA 25 (E) FIUAR RS BE (P) 45 4 D 4eit
XTI A TRG I, PRI B LG RE ) o ARG S INEE 3,

6 MHS BRI R R R AT, BRI ROR b . o, RN X R 22 (Es) FT- B A X6 5222 (Ey)
J&Gompertz 18 R IR AT 5 4o %7 44 X1 15R 22 (E)) ¥/ F 30%, Richards #5578 3 3 e 4 5 TUAK K B2
(P)H1E 95%V) I, Horh Gompertz #5781 (1) f 175

F2 MAOTHMEERENUSER

Table 2 Fitting result of stand diameter growth model

el a b c R? Ers
Logistic 31.207 5.668 000 0.048 0.632 3.383
Richards 583.379 0.000 195 0.731 0.624 3.421
Gompertz 34.315 2.281 000 0.290 0.648 3.384
Mitscherlich 74.675 0.965 000 0.005 0.630 3.401
Schumacher 28.486 20.417 000 0.544 3.772

Weibull 1311.617 0.001 000 0.736 0.626 3.416
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Table 3 Results of model testing

ikl Es Ey E, P
Logistic -2.117 -2914 19.512 96.349
Richards -1.644 -2.299 19.434 96.428
Gompertz -0.188 -1.024 19.574 96.526
Mitscherlich 4.426 3.320 20.434 96.114
Schumacher -0.632 6.411 27.497 96.223
Weibull -16.159 -16.602 22.813 96.077

ZEE LA TR PR AR AT PERS B0 FE B, Logistic B Fl Gompertz £5 5Y ff) L8 e g5 30, {H Logistic #5581 ()
PRI G H3E A R AE W R A A2 4, 1T Gompertz B A P T LU BE 5 THEBRRI AR ZE, BloR &3t U
B B8RS 30 45 SR AR P ) Gompertz A5 AU AR SRy bR 731 2 A8 g A= KA AL . HAARRE AR =X (11)

D=34.315exp[-2.281exp(-0.294) ],
KD, A MRIFHER, AR a,
32 EFHMRAEMRHSFHREERENSHNNERE

FEFHE A X 80% 1K) 2 g AAREML RS , LA 19 Gompertz B8 by JERE A RY 43 51 51 A MK S0 EAE K
TR (Aw), HRHEE(Co), MBI T3 (Sio) ARG R T4 30 (T, XA Y24 B (Ts)
T E AR BT (Iy) , AFPXREK &= (Py), WAEZEHUE (Ev) TR I8 50 (1Ih) o DAURE REC(R?) 53 J7 i iR 22
Ewys A6HR, ZIEW IR R 7 bRy . HUE R 5 AR F S S, BTG E, ULIAR
WHFHEI(F4), Hodf 24083 NSH0, BEAREHEFFEETIAR 2 D83 M S80E L. 455
KRS HEB 20% 1) = B FEHLEE , 256 BT IR2E Es, PHAHXTRZE By, 4aXF R 2E Ey fl

WG P AF 4 DGR EAT R g, ek th LA OR R B AT, A O S BT 2

x4 RNERFSINEESHEER

Table 4 Position table of introduction of the environmental factors

(11)

R E T A TIAS B E ERE T AT AGBEEEX | SR T AT ASEAE  EBHRE T A5 AL
a y=a" /[ 1+bexp(—cA) | a, c y=a"V/[ 1+bexp(—c"*VA) ]
b y=al[ 1+b* Pexp(—cA ) ] b, ¢ y=al[ 1+b“ Pexp (—c"VA ) ]
c y=al[ 1+bexp(—c"""4) ] a, b, ¢ y=a" /[ 1+b* Vexp(—c A ) ]
a, b y=a™ /[ 1+b " Vexp(—cA ) ]

B by IR PRI (m) 5 A REMDFHAER ()5 0, b, ¢, g, s, fRITTAG IS HL

321 FIANMERAFEH-FHMEERBERANE LT RIS PR ERKETIZE 4, WER S
Boa, 80 MSE c MARAG M ETASHELZWET . FIA G BERFETUEG, HRERCRRIU
B 2 MR TERS, RS vA: sIASHERTE, SEEMNIERZRBR)HAE IS, ¥r
MR (Ens) 38 BTN, BAGLAPORA B4 & . BEAERTEIAR T AIAFRSHAAME F, 1
JEGIAE] 2 ANSHE 3 N SHE LRI . KR FIR AR 3 NS EE R, SRS RSOR R
Wichf, 5IABIZE a, bAE ERIIRZ; HHETIAZ 3 ADSEALE B, BORA SCR R ERAT;
SIABIZH a, ¢ ERMRZ; BAAEFRESIABI S5 a, ¢ IS8 a, b, c (08 LERIELH—
s OBAERHIRIIAR B a, b ALE B a, b, ¢ fE LI FRMEG H—80 KA
AFI S8 a, ¢ (P8 ERRRELE, 5IAS K a, b, ¢ iE FARBEIEIRZ ; KBRS AR =
Ba, c MB3%8a, b, c 8 LB RN H 80 BEFHEKETIARNSE a, b, c fiE LAFERHR
HAF, BSEAHER T, RETEY¥EL, BGIARNSE a, b ALE LB RIIGAT; B 08 7 28
SIAEIZH a, b, c (% EERIEL, ASE0 MAGTHER T, RETEYFEL, BIIAZIZSH q,
b B E a, c (0E LI FEREL; BREESGIAZ S a, b, c (PENERRL, HS3E o BMIHE
M, RETAEWFEEL, HOMREIEHEI AR S o, b 0E LERIEL .

322 FIANRBIEFEMSFHMBEARBERELE FHALASSEEN 20%FE 080G, AR S G
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Table 5 Results of the model fitting after the introduction of the environmental factors

W T 5IASEALE a b ¢ q s f R? Ers
A a, b 36.986 1.730 0.031 -0.002  2.50E-04 0.661 3.327
a, b, c 40.481 0.797 0.014 -4.00E-03  1.00E-03  8.77E-06  0.663 3.315

Sio a, ¢ 35.488 2.270 0.026 -0.083  2.20E-04 0.653 3.363
a, b, c 36.590 1.350 0.024 -0.156  4.50E-04  3.10E-04  0.665 3.304

Cy a, c 29.875 2.278 0.038 0.102  -1.87E-04 0.657 3.343
a, b, ¢ 29.836 2.302 0.038 0.101 -0.001 -1.95E-04  0.657 3.343

Ty a, b 63.717 4.655 0.027 -1.576 -0.141 0.659 3.336
a, b, c 66.003 4.096 0.009 -1.798 -0.108 0.001  0.659 3.336

Ty a, c 19.195 2.253 0.034 0.836 —2.42E-04 0.654 3.361
a, b, c 15.734 2.35 0.040 1.051 -0.006 -0.001  0.653 3.360

Iy a, ¢ 49.435 2.288 3.46E-04 -0.113  2.17E-04 0.657 3.347
a, b, c 54.639 3.262 0.013 -0.136 -0.007  1.00E-04  0.657 3.341

Pw  a, b 22.113 2.565 0.029 0.172 -0.005 0.660 3.331
a, b, ¢ -6.277 3.241 0.076 0.586 -0.014 -0.001  0.663 3.317

En a, b 93.173 2.976 0.031 -1.488 -0.018 0.659 3.335
a, b, ¢ 2.956 -2.407 0.053 0.768 0.114 -0.001  0.661 3.327

Iy a, b 13.686 2.082 0.030 12.550 0.089 0.664 3.312
a, b, c -14.611 2.324 0.068 -0.060 -0.025 31.147  0.667 3.296

PLE AR IE R N 5 R P XA TR R R .l 6 a1 SIAR BRI 15, #2028 HF
WSIAR 2 NS RAE B, KRR Es, By M Ry BASTHER/NTSIAR 3 S50 E B, BB
KEHE PR, OB BREERZ M 751 A 2 A S HO0LE b I BOASE R Sy fife e BRI 52 Wi R 7 0 b 20 g 42 A= 4
R B 5 ) 1) o AR RN 200 A TR PR35 32 i DR 1 ) LR R TR 5 = (12) ~5X0(20)

D=(36.986-0.0024 ;1) xexp[—(1.73+0.000 254 ;3)xexp(-0.0314) ], (12)
HisCA2)aT g, KR RN S IA R 28 o, b BRI S5 SOR TR S0 45 R e i, 5 U A Ay il e o

®6 SINBRREEFEERUSHRBER

Table 6  Results of the model testing after the introduction of the environmental factors

7S NS JIAS R Es Ey Ry P

Ay a, b 0.463 0.142 19.497 96.388
a, b, c 24.316 28.821 36.637 94.157

Sio a, ¢ —-1.847 -2.078 19.446 96.404
a, b, c -33.871 -35.623 36.149 94.468

Cy a, ¢ -1.296 -0.797 19.516 96.378
a, b, c -1.018 -1.331 19.535 96.358

T, a, b -0.885 -1.279 19.218 96.481
a, b, c 6.913 6.299 21.188 95.927

Ty a, ¢ 0.337 -0.003 19.211 96.458
a, b, c 20.613 19.227 28.522 94.483

Iy a, ¢ -0.774 -1.021 19.272 96.495
a, b, c 3.336 2.761 20.095 96.215

Py a, b -1.022 -1.447 18.932 96.468
a, b, ¢

Ey a, b -0.366 -0.615 19.329 96.488
a, b, ¢

Iy a, b —-1.558 -1.855 18.972 96.438
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G ARSI RUY (o e el s iRl b A IR A RE7 ¢ A DI & e o TR e S N U /N [ I ER i
AR ¢ ZEAGTHE N, SO 24 M4 A K RS R R R E R

D=(35.488-0.083S,)xexp{-2.27xexp[ —(0.026+0.000 2S,,)A4 1} (13)
A (I3) AT, FF 3 R 5| ARS8 a, o ERYBIRIE A O Ak B35 3 X MR 1 2 i 8 2 K B RL A 52
Wi, [e) A58 3 B MR 1 b O B A A R ) e R R AR R, HARE R A I ¢ 2R THE T, s
SRAETHENIE,, SO PR A K RE S BE R AACE R, A RERGHERIEARKR

D=(29.875+0.102C}) xexp{-2.278xexp[ —(0.038-0.000 19C,)A ]}, (14)
Hi 1) mT g, R BE TR ST A SIS 8 @, ¢ R A9BSR 30AF DA A 80 I8 DA B2 X bR~ 49 i A28 A K AR
FRORENE , () IS U5 AR PAT JSE 52 M 1 AR 0P B M A A A A B R AR AR I A, HAR LD B I ¢ SRR THE
I, s ZHRAGTHE 0, BSOS P- 2 B2 R K 5 R AR S AR P BE S IE AN DG G AR, AR K R 5 A A 2 B A
KRKAR o

D=(63.717-1.576T,)xexp[ - (4.655-0.141T, )xexp (-0.0274 ) ] , (15)
H s (IS) AT, R R N ST ARS8 a, b b AR RIIE AR i 8 45 - 1 Ul X AR o3 24 g A
AR, RIS UE T AF 2 BE S 1 AR B AR AR KR B R (R, ELBEELL A I ¢ SRR THE
T, ORI 3 AR A K d R A5 AR 3 U R SR OG A, AP S R AR 231 29 A8 1 A R 1
AR

D=(19.195+0.835T}) xexp{-2.253xexp[—(0.035-0.000 2T;)A ]}, (16)
A (16) i, KA A W A IR RN SIA RIS H o, o B ARERNIE 00 o i AR 1 2 A Wy 2 T BE X
RGP 32 B A A AR A RO, [ I 350 B A7 249 A ) 2l B R 1 AR 3 A AR K 8 e R R AR K e
R, HBRG I ¢ ZHAHENIE, s SRS THE N O, SO P2l de A Ko KB5S 4R 2 A 22 i
JERIEMRRKAR, A RERGER Y2l R AR R

D=(49.435-0.1131y)xexp (-2.288xexp{-[0.000 3+0.000 2Iy)A ]}, (17)
Hr s CL7) Al g, R IR 4 KR I 51 A RIS 8 @, o b R9RERIE SCAE Jy fift 88 i 15 i O bR o0 o1 2 i 42 A=
BRI, [ U0 T A8 KOG W 1 AR 2 B AR A R B B R A AR R A, LR I g S 44
THE L, s ZEAGTHE N IE , SOM I M40 A K f R -5 3 I 8 A DA SR SR A, A K R 5 3l
AR IEAG G R .

D=(22.133+0.172P, ) xexp[ —(2.565-0.005P, ) xexp(-0.1724 ) ], (18)
M (18) T, K AR K R S| ARS8 a, b b AYBERIE AR A fif B A7 359 4 7 B X bR 431 35 g
PRAERBE R R2R ,  [R)F BE WA B K RS ) T AR a3 A A R B KM, H g Z2RUGTHECNIE, #)
R3S 24 A AR B R (B S AR P B B IE AR SR SR AR, (AR B I K ot A R R R R T AN K

D=(93.173-1.488 Ep)xexp[-(2.976-0.018 Ey)xexp(-0.0314) ], (19)
oL AT, R AEZS B W ST AR S8 a, b b AR BIIE AR Jhy A 8 T 70 28 1O X AR o3 24 g A2
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D=(13.686+12.551;;)xexp [ —(2.082+0.0891};) xexp (-0.034 ) ], (20)
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