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Analysis the effect of region impacting on the biomass of domestic Masson pine

using mixed model
FU Liyong, ZENG Weisheng, TANG Shouzheng *

Research Institute of Forest Resources Information Techniques, Chinese Academy of Forestry, Beijing 100091, China

Abstract; It is fundamental work for monitoring and assessing national forest biomass in order to develop generalized single-
tree biomass models for large scale forest biomass estimation. However, the reliability of estimating forest biomass among
different scales is a real problem. Mixed model plays an important role in various industry such as pharmacokinetics,
agriculture and medicine, because of its outstanding power in dealing with repeated-measures data, longitudinal data,
blocked design data, multilevel data and the capacity to make accurate local prediction. In this article, we consider the
influence of origin and region of Masson pine ( Pinus massoniana) to biomass, because the data including origin and region
could be considered as the two level blocked data, then, the mixed-effects model can be used to analysis these kinds of
problem.

The mixed-effects model approach is an excellent statistical technique for parameter estimation, and it has been used in
many fields for nearly twenty years. However, in recent years, it starts to use mixed-effects model in forestry, and it is
much less to use mixed model in building biomass model. In this paper, based on the above-ground biomass data of Masson
pine, which is an important coniferous species in southern China, generalized single-tree biomass equations for national and
regional forest biomass estimation were established by using linear mixed model, which provided effective approaches to
solve the compatibility of forest biomass estimation among different scales. In mixed model, the random parameters could
reflect difference by assuming the data distributing normally, and these parameters cancel each other out with an expected
value of zero. In fact, we can consider that the difference among these samples is divided into two parts in mixed model

one oriented from the difference among types; another resulted from the random effects. The result shows that based on the
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above-ground biomass data of Masson pine in southern China, the generalized single-tree biomass equations for national and
regional forest biomass estimation were developed by using linear mixed model, which could solve the universality of forest
biomass estimation among different scales. The fitting result of subject-specific models shows that the above-ground biomass
estimation of trees with the same diameter is varied by different origins and regions. To the Masson pine in southern China,
the above-ground biomass of a tree with the same diameter in natural forest is larger than that in plantation; and the biomass
estimation decreases from the eastern region ( Jiangsu, Zhejiang, Fujian) to the south-central region ( Jiangxi, Hunan,
Guangdong) , and then the north-western region ( Anhui, Guangxi, Guizhou). If we consider origin and region together,
different patterns of the above-ground biomass estimation would appear: for natural forests, trees with the same diameter in
eastern region have the largest biomass; whereas, for plantations, trees in south-central region have the largest biomass.
In conclusion, the linear mixed model with random parameters is better than traditional model. Especially, the linear
mixed model is more flexible because all the parameters in the model have certain mathematics meaning, and which can be
used to solve different ecological phenomenon. In view of these advantages, the mixed model could be applied to develop

other generalized models such as tree volume equations.

Key Words: single-tree biomass; Masson pine ( Pinus massoniana) ; mixed model ; universality
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Table 1 The distribution of sample trees of Masson pine in southern China by origins, provinces, and diameter classes
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Types 2 4 6 8 12 16 20 26 32 =38 Al Sum
B 1)y provinces T 1 1 0 1 1 0 1 0 1 0 6
Wiie 1 2 2 1 2 2 1 2 2 1 16
LR 0 1 1 1 1 1 0 1 1 1 8
Fiyc 2 1 2 2 1 2 2 1 3 2 18
VL7 1 2 2 2 1 1 2 2 2 1 16
biiNEa] 2 2 1 2 1 2 1 2 2 1 16
IR 1 1 0 1 1 1 1 0 2 0 8
il 2 1 2 1 2 2 2 1 3 0 16
S 2 2 2 1 2 1 2 1 2 1 20
R
HJE Origins A 5 6 6 7 5 7 5 6 9 5 61
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AT
4
Planted 7 7 6 5 7 5 7 8 3 59
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Fig. 1 The relations between biomass and DBH for different origins in the nine provinces
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X, y=InM ,x=InD,a,=laa,e=In(1+&) ,

MR (16) AU R v] il T A5 204 Wy i A T HE

M:exp(;(ﬁgx) (17)

Kb, ay,b S BIRBEL a0, b HOAIHE

{EJE: X B A e i 22 , B T3 X6 (17) ST IB I, o e RS IE R FoA exp (S2/2) P07 3t
MEIE & A A THE R

M=exp(al,+S>/2) xD’ (18)

A, S HBEHLIRZE e BT 22,

HEYR 53 RARMRAN TR 2 ASZBY RARUCHS 51100 1 A2 HEAR R ITEU 3 61 F1 59, PR IX IR K
9 MEIX, HAEA ITE2E AR (3R | FIEL 2) 255 25 I DX ) K B AR A FOAREAS B e B ) P, it — 2D IX
B3R 3 AL AR DX (VL T L)) | R AR IX (T B PEER AN M DX (A B AR A 2
F1.2.3, BA R IREA BT R 40,

LRMEIRA AN TR A ForStat 044 (V2. 1) “Geil/dr” DiRessibe b ()« e PR S8 AL SR i 280, H
S EUGTT R A BRI R R SCh HE TR RAE ForStat 044 ( V2. 1) LSEEAY
3 #RE5ig
3.1 BB

ARSI (16) ZAE A IR A B Y SRR A 2 SERIBE R B 2 AN [EE S84, i R IR X S A R B
BN -1 % R e T Z M s BEAE T, I AT A A= i 15 FHE SRR (£ 2) .
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x2 REREGSY

Table 2 The mixed parameters of models

HEAY S RESH R RESH AL RESH RS RESH AL REZH

Models  Mixed parameter  Models ~ Mixed parameter ~ Models ~ Mixed parameter ~ Models ~ Mixed parameter ~ Models Mixed parameter
1 (142+43,0) 4 (142+43,3) 7 (2,1+2+3) 10 (143,1+2+3) 13 (14243,1+3)
2 (1+2+43,1) 5 (0,1+2+3) 8 (3,142+3) 11 (2+3,1+2+3) 14 (1+2+43,2+43)
3 (1+2+43,2) 6 (1,1+2+3) 9 (142,1+2+3) 12 (14243,1+2) 15 (14243,1+2+3)

RESHE SO ESTHFRB AN BEL o MEH, 2SR HRIEAASE b M55 ; Hh 0 R ABEBILE T, 1 FmRIE,2 #xi
0,3 Fom R IR (0] 95 HAR ; BIANEERLS 1 1 (14243 ,0) FoR A S a 5 B DU A D0 B A I+ DX IR+ X, 280 o A5 R
BB

AR | %] [BUARBORFT 15 M A R AR SRR S HOA TR 5 2R LAk 3 Ak 4, Hirp3k 3 3
T T BT B 18] 7 R SRR AN WA BEATLARONE [R5~ RGN, 36 4 B T 15 P A5 28 v iy A4 BEATL SO A
T H AR A Y BERLANAH

®3 REMEERR SRR S A ITHE

Table 3 The fixed effects and random main effects parameters estimates of models

B I# AL Fixed effects o)
Models a b U, Uy Uy Uy
[E] 457 Reg-Model -2.2592 2.3780 - - - -
1 -2.2469 2.3729 0.0268 -0.0268 - -
2 -2.2483 2.3734 0 0 0.0083 -0.0083
3 -2.468 2.3729 0.0269 -0.0269 - -
4 -2.2570 2.3755 0.0279 -0.0279 - -
5 -2.2526 2.3745 - - 0.0063 -0.0063
6 -2.2512 2.374 0.0173 -0.0173 0.0020 -0.0020
7 -2.2526 2.3745 - - 0. 0006 -0.0006
8 -2.2587 2.3761 - - 0.0107 -0.0107
9 -2.2512 2.3740 0.0173 -0.0173 0.002 -0.002
10 -2.2571 2.3755 0.0243 -0.0243 0.0017 -0.0017
11 -2.2587 2.3761 - - 0.0107 -0.0107
12 -2.2483 2.3733 0 0 0.0083 -0.0083
13 -2.2571 2.3755 0.0243 -0.0243 0.0017 -0.0017
14 -2.257 2.3755 0.0279 -0.0279 - -
15 -2.2571 2.3755 0.0243 -0.0243 0.0017 -0.0017
IR @
Models Vg Vo Vs vy vy Uy
AR Reg-Model — — — — —
1 0 0 0 — — —
2 0 0 0 — — —
3 -0.0011 -0.0055 0. 0066 0.0058 0.003 -0.0036
4 0 0 0 — — —
5 — — 0 0 0
6 — — 0 0 0
7 0 0 0 0 0 0
8 — — 0 0 0
9 0 0 0 0 0 0
10 — — 0 0 0
11 0 0 0 0 0 0
12 -0.0003 -0.0014 0.0017 0.0002 0.0008 -0.0010
13 0 0 0 — — —
14 0 0 0 0 0 0
15 0 0 0 0 0 0

@ u JHRYE= A I BEDLBON , w,, FERIEIERIE SR o FHETBENLAN 5 u,, AEBEVEHTESE L ERIAYBEHLAN o i = 1 ARERKERHK, i
= 2 URATAHR; @ v Jy sl ™ Az BUBEHLEON , v, o HUIAE HTESEL o b RIBEHLALN ; v, o HSRAERIES R b B REHLALN o i = 148
XL, i = 2 AR 2, i = 3 fURKE3
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Table 4 The interaction random effects parameters estimates of models

FEHLS a

Models P P12 P13 P2 Px P23
1 0.0433 -0.0174 -0.0028 -0.0209 0.02235 -0. 0246
2 0.0478 -0.150 -0.0005 -0.0249 0.0215 -0.0289
3 0.0428 -0.0180 -0.002 -0.0207 0.0216 -0.0236
4 -0.081 0.0004 0.0527 0.0592 -0. 0466 0.0154
5 _ _ _ _ _ _
6 _ _ _ _ _ _
7 — — — — — —
8 -0.0756 0.0050 0.0541 0.0537 -0.0489 0.0118
9 — — — — — —
10 -0.0795 0.0016 0.0532 0.0578 -0.0473 0.0143
11 -0.0756 0.005 0.0541 0.0537 -0.049 0.0118
12 0.0476 -0.0152 -0.0002 -0.025 0.0212 -0.0286
13 -0.0795 0.0016 0.05318 0.0578 -0.0473 0.0143
14 -0.0810 0.0004 0.0527 0.0593 -0. 0466 0.0153
15 -0.0795 0.0016 0.0532 0.0578 -0.0473 0.0143

e b

Models Pn P12 P13 P Pn P
1 _ _ _ _ _ _
2 — — — — — —
3 _ _ _ _ _ _
4 0.0528 -0.0003 -0.0344 -0.0386 0.0304 -0.010
5 0.0274 -0.0031 -0.0072 -0.0179 0.0129 -0.0121
6 0.0256 -0.0042 -0.0079 -0.0163 0.0133 -0.0106
7 0.0274 -0.0031 -0.0072 -0.0179 0.0129 -0.0121
8 0.0502 -0.0033 -0.0359 -0.0356 0.0325 -0.0078
9 0.0256 -0.0042 -0.0079 -0.0163 0.0133 -0.0106
10 0.052 -0.001 -0.0348 -0.0378 0.0309 -0.0093
11 0.0502 -0.0033 -0.0359 -0.0356 0.0325 -0.0078
12 - - - - - -
13 0.0520 -0.0010 —-0.0348 -0.0378 0.0309 -0.0093
14 0.0528 -0.0003 -0.0344 -0.0386 0.0304 -0.010
15 0.052 -0.001 —-0.0348 -0.0378 0.0309 -0.0093

s X TR, RARMA 1 228, AT 2 3878 % X3k, X380 1 (ZREBH X)) 1 367R, X8 2 (P Rg B X)) FH 2 38, X 3k 3 (P Ak
X)) I 3 FIR 5p FORAEIR ¢ 5 8 j 2 105 HAR P AR I RERLAONE , Hobri=1,2,/ = 1,23

3.2 IO AN R R

H TR G AL v h 25 2O W ) 2 20 S, RLIGRT AR AT 2 S 9 e B T 15 A 28 1) 2 SO 73 A i
Xt Hy AR , AR (16) LA, BEMAYIR S HIES (0, M b) BUELL, h TIES b 6 E U B8
PEIC—AME, P TAR R EAR /N S AL, PIASE S BUE ORI B AR ok, i T4 BEHLI 1
JIt Az 77 R BEATLASON, Z FIHR R O (402 3. Fp A A ASE B B AL SO0 A BRI AR I F 10y, +1yy = 0510, +1uyy =050y, 40y, 405 =
030y, +0,, 40y, =0, SCH AR FHRIRE QLI AL ) | DAIMOARAE 25 1 BRERILAS I B A/ v B e A I Py AL A RE [R5 X
FAMAEYIERE MR . R 3 Al ihf I A= R LA , 75 15 MR G  RAAM A IE, N T k4
(A NIRRT SRR | U AR ) B A3 b AR, RIRSRBI R T N TR, A D AL
AR, BRA DX AT 3 AT 12 +p BT AR Y BE LSO AN DA O, LB B R B4 S 2 | DR b ml 45 A ] A
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MR B A=Y, AR FRZEAI S tp g | PEER AL SR A A i D (R 4 (F R X Rl 4 3R 5 AN i, X ]
B H T AN R DI SR AR T AR MR A 4y 1 580 B 1 47 E S AR o RO AE 20 i 3slon) 25 R A A= )
)5 MR B 5 FEMOR IS IR AR A A ZE Y

e 4 15 PR A 2 e B A LN PR RS VR R M 38 2 8] A8 B T = A B BE AL A, He,p,, R AR
S HL DX T B s R AR 7 () BE AL 50, 8705 HY i 8 1t X 5 AU R SRR 07 AR BEAILRE N, o, 7% P A0 AT 35
HiL X5 A KSR B I BE LR 30, 2871 2R 3B XN T 25 R A RN 17 ) B BILRS N o, 2715 HH R 35 1 XN T
L AN I A BEHILRL N, p,, 2678 PEIR DL XN T 5 R A MR B () BEHLARN 5 7696 3 Fe 4 o M4 15
PRI A5 1 I 2 060 7 (4 BEATLASO (1 T AR, X6 DR SR, 2R 0 b DX ™ A g B AL 365007 {1 L 573 A1 W A X BREE R | T
H R S b DX R B REAILASON (i d5e /NI E HL A g (B, e SL Ui B AR ) ELARMOR 9 A i, R b X ok,
YR TG HRANIL R X, fe/NE R ER . 33X AT BB PR X T R SR AR AR e W vl b DX K A A 1 B A, MROR B A
23 (AR RT R 7843 I HL 2 Mo AR it 550 4 DA T 4512 L DX 5 A ) 5 SR b R SR Mk A i i A 4 T b e 3
BT R SRARAE A A A B SR TR S R AT o O T N TR, e S, DX 1 1 BRI 2880 0 {4 A TE B HL S oK, i
THNIAS DX S8 4 R B ME 33X AT B R PR R 32 b DX S AR R X N T 5 AR LU B E L, T 7 1 e L A & 3 5 |
K,
3.3 U

TR AR A Xof FEE A AR T A 2 1 ) 15 FPIR A R A 15, AR BB A TAI R (9 3 S TEA 8 B8 AIC  BIC
FOFEAUSRAE, W 5, RGP FEFR AIC F1 BIC“ M/ N A JE 0, vT#f E AT 5 B sl (76 15 FliR
SRR ZAE RN A ATIC F BIC {5 /)N, 7094 AIC=37.9905 , BIC=54.6146) , 15 (% RkR N,

Vi = a+ (bt +v, 40, ) x5 +E (19)

2, oy, FOREEN i@ I j XN 5 & BRED R AA MY b A W R EUE ; &, FORE I @ 3By j X 56
ke BRES AN EAR IR ELAEL 5 wy; | vy T pyy 53 037N e I sl K ke P8 A 2 22 6] 28 AR ITE SR b b7 A
BEMLSOY, i=1,2,j=1,2,3,k=1,2,,n, ,

y

x5 TEEBNNMIENIEIR
Table 5 The evaluation indexes for each derived models

It St SR

Models AIC BIC logLik Models AIC BIC logLik Models AIC BIC logLik
1 38.8073 55.4314 —-13.4036 6 41.8642 64.0296 -12.9321 11 45.5415 73.2484 —-12.7708
2 42.9292 65.0946 —-13.4646 7 41.9905 64. 1560 -12.9952 12 46.9287 74.6355 —13.4643
3 42.8005 64.9660 -13.4002 8 41.5416 63.7070 -12.7708 13 45.3687 73.0755 —-12.6843
4 41.3732 63.5387 —-12.6866 9 45.8642 73.5710 -12.9321 14 45.3732 73.0801 —-12.6866
5 37.9905 54.6146 -12.9953 10 45.3687 73.0755 —12.6843 15 49.3687 82.6169 —12.6843

MRYGHEY 5 s [ S HUE (32 3 I3 4) , al 75 21 T E R BN AR 3t DX R R B AR AR AR i | v g
HBIX R IR By RRANARA: Wit DU B AL R DX R AR By RRARAR A= Wt R B M XN T B AN AR A Wit | PR vt X
N T S REAAMRAE Y AN PE R AL AR XN T AR F S ORI 2, RAEAZN(17) R [ A AR A
TRAE 5 J0 50 XA S AR AR i 3 L A My e AT A T, RT3 RO A B A PRAR S b . 255108 IR B A Y
5 0 R RIS 22 B 7R 2E & A OGIR B R® 205010 . E =0.1624,6=15.2896 ,R* =0. 9914 ; [] I £
RUXS I AR X 1R 22 B BT AR IRZE & FIAH AR B R 35 : E =0.1708,6=21.7785,R*=0.9826, T
TR 5 % B A4 77 1% 28 FI-F- BRI R 5 22 L 0] YR R /N T RH G 1 H L Im] VA 153 22 B, U ] 2 A5 0[] ) =%
SEPAFEATL A 71 3800 A E RGN I, AL B RICR BB

M b T AT A SRR (16) 25 R PRl R S ORI s 2 18] A4 52 EL AR I, 0 R A A=
Yyt AU G RO SR, PR T A PR S RY 5 AT A [ 3 /M Xt B A= it A0 aa AL, SN Y L
REIRAS .
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pa \%ﬁﬂﬁlz ﬁ/\lzexp( -2. 2526) XD(2.3745+0, 0063+0.0274) (2())
T T L IX M= exp(=2. 2526) x [ 2-3745+0-0063-0.0030) (21)
PHdLERHL X ]fl: exp(=2.2526) o [ (2 3745+0.0063-0.0071) (22)

p
XN TAK
;ZE%B,J@,IA MZGXp( 2. 2526) XD(2'374570‘ 0063-0.0179) (23)
r g T L IX M= exp(=2. 2526) x ! -3745-0-006340.0129) (24)
VbR X M= exp(=2. 2526) x ! >3745-0-0063-0.0120) (25)
4 %i@ 1400 — *+ Obs-Natural*Region 1

+
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4 Obs-Planted*Region 3 g
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R B ) e 4 3 P 7 A A O,
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PR L SR AR T B i A R 1 3 DR A U
M, A SR BRI TS A R b T e i
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R B S BB, T o3 AT AS [a] A R ) 2 B p st b AR B2 RAERES AR
TEFETT 9 A A KIS, #ﬂ,@ﬁﬁ 15 PR A i Fig. 2 The fitting effect of model 5
PEAT HLdE e R e B8 5 ) PG A A o [ )
HVFR AR IEAT O AT , A B 5 LA 28O, DRI S 0 T o, FT A 8Y 5 47 g 42 [ 3 P 1 b
JEAN ST A W AR AR N F S S R 8 R M B R R A R LR (20) — 2 (25) 4
VL RIR Sy e Sy AN ) R PR 9 37 A A A iR R T A R R, NI IZ 1078 XUk, B T iR
VDX I PR 2 | A T L PR S B B L S Bk AR IR, DT R LS [ o ) 0 4 Ok ke, e 7 3 P
T AT 0 AR | I L, 5 R AOT KRR LG | T A 0 G 3 S 10 R 0 M B 125 50 3 Y I
HAT 2 2 O U3, MDA 7, TR A B8 i LA S5 1 R 30 e S o
AR TETF 7 RS, X TFHE Bl mT L IR 00 7 3 R R A 7 (38 PR AR SO A 280
R ForStat #PE (V2. 1) “ G040 BB i 28 MR A BER " S S2 B0, 15573 4 Newton-
Raphson ¥ , S04 7 A BB A ISR | BRANT TS 07 s AT I 2 5 Yok %) ol TFILRIER (15) Rk
LR MR | PRI FT LA A 2 TR A AR R SR A, LS SRR 0 S A 2 MR LR RS AL LR MR R 4,
2 BRI ANBEHUION, D T AR 20K it st B2 R, B0 AT 1k, R e VR A A f B 1
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