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Abstract; In this study, the boosted regression trees ( BRT) method was used to analyze the main factors that influenced
the above- and underground biomassiconversion and expansion factor ( BCEF) of Masson pine. Data from the permanent

" Chinese National Forest Inventory for Fujian Province was used. The results showed that the cumulative

sample plot of the 8
relative influences of stand ' characteristic and topographic factors on above- and underground BCEF were 87.20 and
86.59% , respectively. Stand characteristic and topographic factors were the most important factors for both above- and
underground BCEF. Among the stand characteristic factors, the age group was dominant, contributing to 41.13% of the
aboveground BCEF differences that decreased with an increase in the age group, and 41.54% of the underground BCEF
differences that increased with an increase in the age group. Among the topographic factors, slope was the key variable,
contributing to 14.52% of aboveground BCEF differences, which were the highest at the southeast slope and the lowest at
the west slope, and 15.16% of the underground BCEF differences, which were the lowest at the southeast slope and the
highest at the west slope. In addition, soil factors had a lower effect on both above and underground BCEF. The relative
influences of soil factors on above- and underground BCEF were 12.80 and 13.41% , respectively. Among the soil factors,
the ‘thickness of the humus layer was the key variable, contributing to 9.02% of the aboveground BCEF differences and
9.13% of the underground BCEF differences. Among all influencing factors, age group had the highest effect on both above-
and underground BCEF. Consequently, the ways, such as calculating BCEF based on age group or building universal BCEF
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models of all age, could achieve a better precision of biomass.

Key Words: Masson pine; biomass conversion and expansion factor (BCEF) ; national forest inventory; boosted regression

trees ( BRT)
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Table 1 Model forms and corresponding evaluation indexes of biomass and volume

PEM R4 Evaluation indexes

i Bt S

Ttem Model form e R 5L R? FHIHU 2% MPE
Coefficient of determination Mean prediction error/ %

Hi_IAEH)iE Aboveground biomass/kg B, =0.099488 D408 0.9494 4.99

R A Underground biomass/kg B,=0.0081 12D> 69505 0.8856 9.26

7 Volume/dm’ V=0.13881D>*42 0.9552 4.74

D :Mg1%(em H=5cm)

2.2 FEHKSE BCEF &
BCEF m] LUK & Rt 9 N i B0 vmd, FEA BT, TR R i A 28R Hh K SF 4% 10
BCEF'™®' .

5
BCER, =5 (1)
2
ﬁ$¢%ﬁ%*%i%ﬁﬁ@&%i%ﬁﬁﬂ%ﬁﬂ%%ﬁ%kﬁﬁﬁﬂﬁﬁﬁﬁﬂmMﬁﬁﬁkﬁ#%
HR A ERA s BCEF, 7856 b IMREHL 53000 ¢ ARE KO A s i e R JE IR 75 B, 58 &k SRR 5 5
PR J3T00 0 A Wi 5V RO B R RER 5 AR IR AR
&I BCEF Y325 R LA KR o -4 B I B9 ge it DLER 2535 3 HOE R 2 RR Ik I & 9 (25)
BIFEHAE ST LR 3

%2 &I BCEF AR ERS L5 M B FM St

Table 2 Statistics of various BCEF and some soil factors, topography factors

b2

Wi F-HME RKRME HR/ME - X A
Standard . o Coefficient of

Item Mean L. Maximum Minimum o Number
deviation variation/ %

I BCEE Aboveground BCEF/ (t/m?) 0.5836 0.0167 0.6240 0.5393 2.8615 331

#i1 N BCEF Underground BCEF/ (t/m*) 0.1036 0.0083 0.1283 0.0855 8.0116 331

+ 3R Soil depth/cm 85 21 175 5 25 331

&5 )25 B Thickness of humus layer/cm 8 6 50 1 75 331

4K Elevation/m 523 295 1412 55 56 331

YBE Gradient/(°) 25 7 42 6 28 331
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PEE | S U RURH9 G 2 BCRBEHL & 550k P West slope 3
UM AR BT RN, B e
S RSB T BRT AT EERE O o5 58 X R i R e
I SR 1 91, I 680 e B AR O T 38 B Hilly 155
FEk, T OELfE R LR S T R T R4 L A mop 4B Young 2
De’ Ath' ™ il Elith 45> fEF2H9 2401k ], H2 £ AHTS P il cge 16
PR BRT U0 2 508 0 DBk S0 I R o >
“gaussian” ;@2 2] %N 0.005 ; @3 LIRIESTECN 8; 3 Over mature 10
@HAFEE N 0.5, A LIRS A R3.3.0 FEM & Origin KK Natural 120
“gbm” AT BRT GeHH40T , AP, (000 10 A kA AT Plantation 211

Excel 2013,

it A BRTW: , AT DLk o R ik R (GRS 5 Fn
WA ) B PR T (S TRREAR B B RN ) DA K R T (MR | R RN AR IR ) 43 1 % b
I BCEF LAKH ' BCEF 520 (4 AHXT 5Tk , H-ZREUH R 9 31 BR 2500

3 HBRHW

3.1 ZENE I BCEF Fid R BCEF 520 A9 AR X} 5Tk R

B TA AT RLE 6 T BCEF Y520 5 K, AR X STl 41.13% , Hk Ry 3 m) (14.52% ) A3k
(10.57%) , +-2585/15(0.18% ) s HIE 1B W] LIE H iR LN BCEF AURZEMR R K (41.54% ) , 5101 (15.16% ) Al
JEEB R (9.13% ) IRZ, + 2K 8/N(0.37%) o, (AR —42 102, 406 b 1 BCEF (52 1 (10.57% ) B K
T3 T BCEF(8.87%) , iX P RS2 i 25 FE M b _L- 35870 F0 it 358 403 17 2B B AR fL I RE S AR B 1R Y, AR S
I BN AR 22 3K (55— 1412 m, 3 2) JIGHRORTR], S EGR K DA S LA SO 7= A 22 5700 M
¥R AEAEA,
3.2 ZHEHFENH L BCEF S0 AL R

AROMEFAE R T X b BCEF S200 AR STk R N 47.98% , Hob W44 41.13% , #277 6.85% (1K 1), #b |
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HIX TR

Relative influence of predictor/%

B 1 &BEE5 53 E BCEF fls ™ BCEF %00 A048 3 5k 3
Fig.1 Relative influences of predictor variables affecting aboveground BCEF and underground BCEF

BCEF Fifi 20 ph 4J18% ] 52 ARk T80/ )N, I RS K b @bk /N (T 2) o IeAh, IR 2 AT DLE TR I
BCEF & % KT R, 5 Z AU 45 Rt R & B R g i g v, B 5 2670 R BTE A N T Ak
I BCEF WK TR, B = el %5 YOCRIE 5 25 S0 BRI, — i 5, KARMGE 5 8 Ak, A
TOMGE A R AR B MR 25 A 22 5, 2 AN TR], G BRR A Y AN [ 28 B (0 A R I 5% i 2 K
B R FEURI AL 4 i

HOE R 7% b I BCEF 520 [ X 5TkR A 39.23% , Horp 3 1) 5 K (14.52% ) , HOR B4 (10.57%) |
BePE (8.93% ) A (4.53% )t e /1N (0.68% ) (B 1) o X F3im), #b 1 BCEF TEZR B W dwe K, 76 78 e die /b
(B 2), XFFi4k, b BCEF B4k 0 it s, I A2 14K R T 1000m J5 A (& 2) —ﬂﬁ?ﬁ%
FHiE 100m Sl B 0.5—0.6 °C 7 BfifE ik 1T, BREE A PR ik T 45 ) AR 4 %) L3 3 o ) Ak

fie 1 R BA DL RIS AR AR AL i | BCEF B 5 A i s i 8 s — 0T &, 14K 1000—1200m 2 5
FEAR A PR IR AR PR | SR 1T, B0 A T R A AR AT USSR AE VAR 1100m DL AR i) A B 40 T A4 2R
K AZPEITEE 2 M T BCEF 724K K F 1000m J5 ¥ FARf R . oAb, 63, 238 B/ F 30°0T, #h I
BCEF AHXTARE , 2 4b T 30°—35° Z [, b [ BCEF JeFt i 5 T, KT 35005, |- BCEF AFARE ; X T3
{7, M- BCEF 78 I3 Ak fe kK P/ s XF TS, BBz ab i | BCEF 2 AR IL A K (& 2)

A SR T X L BCEF 5200 A A X BTk R N 12.80% , Horp | S8 5l )2 R e K (9.02% ) , IR R 2
(3.60%) , 1iii HHEFN A ER/IN AR 0.68% (1] 1) . WAL 2 AT, Y56 )2 R B /NT 10em B, 1 I BCEF P& 58
JZJEERE B SE I s 0N AL 10em J5, #i - BCEF AN FASE I & TP 525 24 - 3EJE EE/N T 50em B, b | BCEF
FAXTRRAE , T 50—110cm Z[HE, #i - BCEF JeFt 5 NI, KT 110em J& , b2 BCEF A FARE ; -5 8)
X | BCEF JCR4MA
3.3 ZHEHNEXH T BCEF R0 531 BRago

ARARAE R 75 b BCEF 5200 A AR X 51k %A 48.63% , Hor | i 4 RNt P50 43 51 R 41.54% F1 7.09%
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Fig.2 Marginal effect of predictor variables on aboveground BCEF
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(B 1) HETR BCEF Bl 2 th 2yt 1) 2 BV AR I A, 2 s/ N G SO R (181 3) o XFF I, N T Ak
T BCEF B i /N KAk M T BCEF (& 3) , # F BCEF B I M 281k A #a % 5 i - BCEF #H ), 1% nl g & A
S AN RIS U5 A 32 AN [ 326 T 4 A AL 1) b1 350 43 Rl 38 4343 B 1) SR AN [

P X5 T BCEF 5200 A8 A X BTRk R R 37.97% , Hovp 3 a1 de K (15.16% ) , Y5 % (8.96% ) | ik
(8.87%) Jhi(4.30%) K2, MuBi s/ (0.68% ) (18 1) MIEL 3 a1, %F T3 ml , #s F BCEF fEARK Mg fe ],
FEVU I B R X T I4R , R BCEF BE VR 04 T = s/ AR AR R T 1000m J5 3720 8 1) A s X F3%E Y
Y FE/NT 3001}, T BCEF AT A& %2 , 4k T 30°—35° Z [A] i, b N BCEF ¢ F R )5 Ft i, KT 35°)5 , T
BCEF AR W T34, i BCEF 75 F3AL /s Al K XF T3, e B AL A T BCEF &b il Fn
Huli )/

3 X BCEF 5200 59 A X STRk R A 13.41% , Ho | S8 2R e K (9.13% ), L3RR 2
(3.91%) , L3RI/ AU 0.37%, (B 1) . K 3 0701, % FIE 58 )2, 408 542 /N T 10em B #F
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Fig.3 Marginal effect of predictor variables on underground BCEF

4 S5t

FIFH ARG U5 R A 5 | SR TR RRAE R - MY R D S 4 48 PR - n ] B[R] 52 i AR 23 BCEF LA K 2
PRI B X M43 BCEF S0 AR STk %, 7] S ZRAA: 49 s IR i 2t ) o A A S AR LR AR I 2 AR SR 9 4
R AR RIE R b IE 7 i L BCEF DL T BCEF A3 3R 2, & X - BCEF 520 A AH
XFTTHRAR Z F1 R 87.20% i BCEF 2 86.59%, Horfr, #2412 AR50 F¢4E I 7 rh 2 i s 1= BCEF DA S b
BCEF M KN &, W2 A s i R & it | BCEF LA K T BCEF 520 AT 51 kR 5 KR 2 (41.13% 1
41.54%) (1) ;9 2T R rh 52 i - BCEF LA M R BCEF f# K (14.52% 1 15.16%) (K 1),
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