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Abstract; [ Objective | The purpose of this study is to develop integrated individual tree biomass equation systems,
in which above-ground biomass is compatible with below-ground biomass and stem volume, and stem, bark, bran-
ches and foliage biomass are additive to above-ground biomass, for providing a quantitative basis on accurate estima-
tion of forest biomass. [ Method ] Based on the mensuration data of above- and below-ground biomass from 230 and
78 destructive sample trees of Picea spp. in Xinjiang, respectively, one- and two-variable integrated biomass sys-
tems with compatibility and additivity, including above- and below-ground biomass, component biomass, and stem
volume, were developed using error-in-variable simultaneous equations approach and dummy variable modeling ap-
proach, and the impact of region on estimation of hiomass and volume was analyzed. [ Result] The mean prediction
errors (MPEs) of above-ground biomass equations in the developed one- and two-variable integrated biomass sys-
tems for Picea spp. in Xinjiang were less than 7% , the MPEs of components biomass equations were about 10% ,

and the MPEs of below-ground biomass equations were less than 15% , which could meet the need of precision re-
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quirements from relevant regulation. One-variable equations were better than two-variable equations for estimation of

biomass except for stem and bark biomass. Both proportion control and algebraic control methods could ensure the

compatibility between above-ground biomass and component biomass, and the difference between estimates of mod-

els from the two methods was not significant. [ Conclusion | Integrating dummy variable into error-in-variable simul-

taneous equations is a practical approach, which can simultaneously develop a system even though the numbers of a-

bove- and below-ground biomass observations are very different, and ensure not only the compatibility between a-

bove- and below-ground biomass and stem volume, but also the additivity between above-ground biomass and com-

ponent biomass. For estimation of above- and below-ground biomass, and stem volume, the dummy variable models

are better than population average models.

Keywords ; above-ground biomass; below-ground biomass; simultaneous equations; error-in-variable ; dummy variable
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Table 1 Statistics of individual tree biomass samples of Picea spp. in Xinjiang

X35k SgE| AR At PRI moME EBORE AR SR
Region Item Sample size Variable Mean Min. Max. SD CV/%
4% Diameter/cm 17.3 1.3 65.5 13.6 78.9
b | A = Height /m 12.8 1.5 36.8 8.4 67.5
Above-ground 150 S AR Volume/ (dm® « k") 356.5 0.6 4163.4 611.1 171.4
BT R Z LA X biomass b, 44 Above-ground biomass / (kg « kk ~') 176.9 0.4 1 540.8 260.5 147.3
Altai Az W5 53 R T~ Biomass conversion factor 0.6869 0.164 6 1.5859 0.2651 38.6
mountainous %42 Diameter/cm 17.1 1.3 52.0 12.8 75.0
region bR A 4 = Height/m 12.9 1.5 33.6 8.5 65.8
Below-ground 50 i, A=) Above-ground biomass/ (kg - Ak ~') 168.5 1.1 832.0 225.2 133.6
biomass Hb R A= 474 Below-ground biomass/ (kg « £ -1 ) 37.3 0.3 260.9 56.4 151.2
HIZE L Root-to-shoot ratio 0.2958 0.1397 0.6058 0.1283 43.4
%42 Diameter /cm 17.2 1.0 57.0 13.1 76.0
A & Height/m 13.5 1.5 44.0 9.0 66.5
Above-ground 80 AWM Volume/ (dm® - #£ 1) 368.5 0.6 5248.8 725.6 196.9
FIAKIX biomass Hi b=+ Above-ground biomass/ (kg « #k ~') 185.8 0.7 1090.2 254.6 137.0
Tianshan He My EE 5539 K7 Biomass conversion factor 0.6565 0.3241 1.1604 0.2026 30.9
mountainous 4% Diameter/cm 16.2 2.0 38.9 11.4 70.7
region bR A = Height/m 12.2 1.9 35.0 8.2 76.6
Below-ground 28 Hi b 4=+ Above-ground biomass/ (kg + % ~') 162.6 1.6 726.9 208.2 128.1
biomass Hi R A=) Below-ground biomass/ (kg - #7')  54.2 0.2 269. 1 76.4 141.0
HRZE H Root-to-shoot ratio 0.2591 0.0525 0.5224 0.1092 42.2
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Table 2 Parameter estimates of two-variables

simultaneous equations of different methods
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¥ Parameter estimates of different methods 1 S e g
Parameter “:,le(f 1—&2&{£ A ,Tt%uﬁ B q:éE%i*%LF:Z R&O E:}J\i.% 3 EP%.I)\ ﬁ‘["l‘*ﬁ *ﬂ‘ E‘JX‘T
Proportion method Algebraic method A Algebraic method B ttﬂ‘%ﬂ y Xt R A= % = AT 7'( 1‘)]‘ *,E{ E]’:J ’fﬁ ‘H‘ ,3
wo 0weX o 00Me om0 FIEBU 22 SRV R L B I 4 450
a 2.085 86 2.067 71 2.088 19 o SR : :
by 0.022 23 0.021 69 0.022 21 REGE Ao WUk, AR LA 2 R 2
b 2SS0k SUBURCRI A A . T
b} . . . N Py, e LY ) o
D Do o e fRfck 0 2 FRBERIEE T, (7) R BT, & A
e 1.744 14 1.740 86 1.753 66 B 3R T A (M) ARG, T R R A A
;2 1.00976 1.017:23 0.998 74 Yyt (M) BUASAS BE RS2 ma AR /e PRI, )5 22 i AR
0 0. 354 66 0. 060 09 0. 040 91 e ek o .
J I
f 0.024 36 2.611 94 1.752 23 {£¢T*E$%i(7>ito
5 ~0.289 55 ~0.420 42 0.883 12 2.2 —RxBIARA
o 13568 0.011 24 0.010 86 B T 5 3 o A R A B — TEI 37 7
2 0.999 69 1.753 16 1.763 87 e s A A g
— X35 [R 4 I AR
. 1 499 88 0 652 32 0,654 19 ﬁ,ﬂb%ﬁl\,ﬁﬂi LA T%a DX 35 PR A9 W A A
ho 0. 880 81 0.023 61 0.023 55 RIRGE ., 324 R DR YRR () S 800, THE R AR 4
b 09315 2563 80 2557 86 WS R 1R AR X 02 B, % 5 0
h -1.576 40 -0.463 10 —0.456 05 — e N ey .
2 FTWE—JTER RGBTSR R
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Table 3 Statistics of two-variables simultaneous equations of different methods
ik ekbr H#rAE & Target variable
Method Statistics M, M, 174 M, M, M, M,
R? 0.8320 0.667 8 0.978 1 0.794 9 0.881 2 0.703 5 0.609 2
L SEE 106. 17 37.58 96. 77 69. 26 9.18 40. 17 18. 46
Proportion method MPE/ % 7.62 19.52 3.47 9.08 7.30 11.14 12.86
MPSE/ % 21.20 55.25 14.96 23.71 27.71 37.29 44.55
R? 0.8316 0.663 4 0.978 5 0.792 6 0.886 2 0.705 4 0.607 6
O A SEE 106. 32 37.83 96.03 69.17 8.80 39.50 18.12
Algebraic method A MPE/ % 7.63 19.65 3.44 9.07 7.00 10.95 12.63
MPSE/ % 21.48 56.13 15.06 35.07 25.26 37.82 45.54
R? 0.830 2 0.667 2 0.977 6 0.798 5 0.883 8 0.706 9 0.6110
fRB: B SEE 106.76 37.62 97.87 67.73 8.89 39.66 18.05
Algebraic method B MPE/ % 7.67 19.53 3.51 8.88 7.07 10.99 12.57
MPSE/ % 21.16 55.24 14.91 21.73 25.66 38.87 45.64
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Table 4 Parameter estimates of population average and dummy-variable models of different methods

ST R Y=g i)
Frik SR Population average model Dummy-variable model
Method Parameter B E A X BT /R 22 LK IX. RILARX
Xinjiang autonomous region Altai mountainous region Tianshan mountainous region

ay 0. 166 58 0. 168 45 0.173 08

a 2.239 11 2.221 85 2.250 24

by 0. 039 39 0. 050 94 0.027 70

b, 2.288 40 2.152 65 2.492 38

< 0. 166 97 0. 166 74 0.172 51

Fefo s 2 2.434 74 2.419 35 2.453 05
Proportion method fo 0.286 07 0.303 05 0.245 06
£ -0.176 29 -0.174 29 -0.163 18

g 0.677 28 0. 662 07 0.730 20

g -0.132 17 -0. 106 38 -0.192 43

hy 0. 469 32 0. 588 37 0.321 69

hy -0.298 54 -0.378 16 -0.164 16

ay 0.166 13 0.167 93 0.172 30

a 2.239 96 2.222 95 2.251 50

by 0.039 10 0. 050 67 0.027 45

b, 2.291 21 2.154 44 2. 495 89

<o 0.168 55 0. 166 95 0.176 54

e 12 2.430 46 2.418 57 2.442 99
Algebraic method fo 0.091 17 0.089 11 0.099 03
A 2.291 36 2.282 74 2.292 54

2 0. 020 57 0.021 01 0.019 81

2 2. 140 90 2.13599 2. 148 55

hy 0.031 54 0.039 89 0.023 17

hy 2.047 60 1.942 53 2.193 20

RS ARAAESEFHRIEWEERIPNSEITHER

Table 5 Statistics of population average and dummy-variable models of different methods

Tk JiRidl ahr H #5725 & Target variable

Method Model Statistics M, M, v M, M, M, M,
SRR R? 0.866 7 0.7156 0.813 0 0.7143 0.848 6 0.785 8 0.700 4

S Rt SEE 94.38 34.54 282.41 81.01 10.27 33.83 16.02

PA MPE/% 6.78 17.94 10.12 10.62 8.17 9.38 11.16

Fe g5l model MPSE/%  20.72 44.08 30.46 31.37 27.77 39.55 47.21
Proportion method I A R 0.877 7 0.820 4 0.829 0 0.718 4 0.848 6 0.781 0 0.735 8

R SEE 90.80 27.82 271.24 81.91 10.46 34.84 15.32

DV MPE/% 6.52 14.45 9.72 10.74 8.32 9.66 10. 67

model MPSE/%  20.83 37.44 30.22 31.24 27.64 39.68 44.93
SRR R? 0.866 3 0.714 6 0.814 1 0.717 7 0.848 6 0.786 3 0.696 1

By SEE 94.50 34.61 281.61 79.80 10.13 33.65 15.92

PA MPE/% 6.79 17.97 10.09 10.46 8.06 9.33 11.09

PR model MPSE/%  20.71 44.16 30.52 31.50 27.78 39.56 47.07
Algebraic method W25 e R? 0.877 2 0.8199 0.828 7 0.7219 0.849 2 0.789 1 0.733 2

R SEE 90.98 27.86 271.46 79.92 10.15 33.88 14.98

DV MPE/% 6.53 14.47 9.73 10.48 8.08 9.39 10. 44

model MPSE/ % 20.81 37.47 30.29 31.42 27.64 39.62 44.78
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Table 6 F-values of population average and dummy-variable models of different methods

H #5725 £ Target variables

77 ¥ Method

M, M, M, M, M, M,
L 5] Proportion method 10.16 ** 21.57* 10.58 ** 0.39 0.00 -0.58 3.58"
10K Algebraic method 10.01 ** 21.65™ 9.68 ™ 0.83 0.43 0.49 15.74

T o "RORAE 0.0 KRR, + "FRIRA1E0.05 KT R, .

RT ATXLCEM EAEERE

Table 7 The above-ground biomass models for comparison

75 M AR A FEA S N X35 SCHRR
No Above-ground biomass models Sample size Region for application Reference
0 My = 0.166 6 D >*! 230 i Xinjiang LN
1 M, =0.1556 D >»%8 150 e (Bl /R 28 bR X ) Xinjiang ( Altai) [48]
2 M,=0.1055D 2.3893 150 2 Yunnan [48]
3 My = 0.144 4 p 2204 195 TN K (HAMEH 7L ) Canada( NB) (3]
4 M, = 0.1253 p 3323 212 2 USA [4]
5 Ms=0.116 0 D %300 70 BRI (AL 1X.) Europe ( Boreal ) [7]
6 Mg = 0.2550 D >1740 144 WU (i 1 IX) Europe ( Temperate ) [7]
*8 AR EEYERBINAEZHHHITHE
Table 8 The estimates of above-ground biomass models for different diameter classes
D/cm M, M, M, M, M, M My
5 6.12 5.90 4.94 5.49 5.35 5.18 8.44
10 28.89 28.23 25.86 26.30 26.93 26.57 38.07
15 71.62 70.55 68. 14 65.77 69.33 69.19 91.91
20 136.39 135.12 135.49 126.01 135.63 136.42 171.78
25 224.78 223.67 230.92 208. 68 228.23 230.99 279.04
30 338.11 337.64 356.98 315.10 349.17 355.19 414.76
35 477.49 478.27 515.94 446. 46 500. 24 511.04 579.89
40 643.89 646. 65 709. 83 603.76 683.02 700. 36 775.21
45 838.20 843.74 940.53 787.93 898.96 924.78 1 001.44
50 1061.22 1 070.44 1209.76 999. 81 1 149.37 1185.84 1259.22
41t Total 3 826.70 3 840.22 4 198.38 3 585.31 4 046.23 4 145.57 4619.75
2= RD/ % / 0.35 9.71 -6.31 5.74 8.33 20.72
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