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Table 1 Summary statistics of stand variables and biomass

Ba EHME bREE BME BRI
Variables Mean S.D. Min. Max.
IR Agela 28 9 11 60
P34 H/m 12.0 4.0 42 24.0
MREE B N/ (BR-hm™) 1021 595 263 3933
Fi4% Dglem 13.4 43 6 26.4
HAER VY (m*hm™) 82.81 53.22 3.28 282.25
o B Ay (thm?) 53.98  33.49 2.75 168.07
Mo Tgy (thm™?) 72.05 44.53 3.74 226.50
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Table 2 The name of climatic variables and its description

AR & Variables {18 Description

ImATEH
il Annual heat: moisture index
o W HL RIS K 3 5
Hargreaves climatic moisture deficit
0°CUA N KIR %
o) Degree-days below 0°C
18°C LR (IR %L
) Jie Degree-days below 18°C
18°C LA K%K
2RIg Degree-days above 18°C
5CLA RIREL
22 Degree-days above 5°C
pvme SO R R
Extreme minimum temperature over a 30-year period
oy TEOGEIIR OB R R
Extreme maximum temperature over a 30-year period
W BRI X 28R
EREF Hargreaves reference evaporation
P K
Bt Mean annual precipitation (mm)
P e U
Mean annual temperature
vemmc B AR TR
* Mean coldest month temperature
s R BT
Mean warmest month temperature
TorE IR E
RFIRID The number of frost-free days
A8 AT H R A
PAS/mm Precipitation as snow between August in previous year and

July in current year

5 A (RSP B0 BE AN fe v 4 (P TR E 2 7
TD/C Temperature difference between MWMT and MCMT, or

continentality

HRA YR TR
1.3 s/ FEFS5FE4EE

/N A E BRI S HOR i 7, B
TSR EIBE A B A HHERR 2B S AR
SRS VR I s 2 2R N S 1 = e e 1 )



22 Mook B

R

i34 4

AR AR AT TR S 1] R 7 SR BT AR B
BSTE A Z IR — AT, AR R A B %
FEAREAR S AL, X R IO OAL B AR (1),
argmin: > wiy;~5)’ (1)
o, wy R AR R R Ly, WA R
AR B ;3 095 1 AREAS OO
AHIFFE 8 Huber 4 H B R 09 )7 8 (=
2) 19, AU U AN TR SR 22 40, 5%
LA R FEAE, I, R4
AR T SR/ N T FFIAE TS, ARG
SRS R R

1
Wj(uj) = { g
|uj|

A, w RN j WE IR w RoRE j X
AR BIAREI IR 2
14 EMMKEYERBESEHLBENKIEY
ERBREL

A AR Fi5 T AR A ) AR ) 1 2%
SERIEARIN, AW LIEC (3) ~ (6) fE Rt
MO E R AERY 4 5IR B s — 3k Ata e a1
BoRMERIZA A XA A Sk T R A= )
B0 S, eSS w2, A %R
TEANHE T AR LM AR X ] U1 1) s 22 555 1 R P 5
Ik, AW R Baskerville® #2 H 5945 1F H 1
CF, XAAIHEATHTIE o

log(B)=p, + B, xlog(Dg) + B3 X log(N) + &

log(B) =B, + B, xlog(Dg*H) + B3 x 1og(N) + &

| < 1.5

@)

lujl > 1.5

)
“4)
)

log(B) =, + 8, xlog(Dg) + 55 X 1og(H) + B, X log(N) +(2)

X, BAMEYIE, WFF dgp M Tops Dg A
Mot s N OIRBCEE 5 H MR35
B Ci=1~4) NBRIZBEG e NiRIET.

[f] fRe AL LAt AR A R R R AR I U A
N T RS TR SR Ze e, AT SR JE Ry
S M MR OG0 A O 3 O 1 R A2 8, PRI
(1) XA R R AT E Wi (2) gk
P8 R i A fE s (3) il A OCA#r i
T T AR AR 1t 22 ] AR DG ACARAE RUbR A3 A ) 1A DG
PR Y AR A o dmJim M RO 10 HH R A A A i

log(B) =; + > X 10g(Dg2N) +6; % log(H)+¢&

ST AR R MR Py e AR
1.5 REGEMR

BERIPEA AL 56 0 7 I 1 e i A A S T
0.05 /K TF W2 HRMHuE &8 (R, ¥J5
MRiR2E (RMSE) . HXT TR (rRMSE) %
FRPRATAI AT IR, 22X STk [23].
1.6 ZFETFHBEEWL

AT SR BT R R (1)
SEAERERFR Y Ca: MROTAFRIMAS RS, ¢ R
R F RS R RER ) (2) AR (b)), D
Tk 2 RS R BT R B3 45 (3) BEAY
AN FRBERIFRSY (d) o HEIFHEIT . ShH
TR F R AR R? BN SRR a + b +
c, HffE a+b+c=1-d KR, LR
AR R a + b, {XLASRA TN AR &
IR AR AL ) RPN b+ co H IR RATTT
Ba. b, cHd,

2 RGN

2.1 EitHoEMEEEEE
FTAARHRIZHEAE 0.05 K- FEE (£3, £4),
X[ —IE R AL, 2 ROy kS5 ERS A
Z5, NSEFFS LR W A6z M T HIBE Dg.
N FIH @3 hnmsgin, 15 CF BA W B 5], M
SERUBE R QO PEN 8 bR R L, Agp BT T Tgp B
Bl X F Agp M5, R EHEG AR &R AR
HH A A BRI A RORELT, B 5 56 541
R TEM R bR B H 5 dpe /D — 3 [l A TR ik
A8, AR i 7 HH RS (e 1o )T s O 3 e
/NS lm )T, HorR AR 8 () R B, M3k 0.967,
et [9] 1 i) RMSE F1 rRMSE % b33 e/ — 3 1]
143 B 0.046 thm 2 F1 0.085%, —FH2ZEFAK,
ST T e, HAUEER Ags ML, FI Tgp fAY
L 15 50 16 SALRLAY R? Wik 0.953, Fafgtl )
MR Z G B MG A —28, (H I Agp AT 0.014,
TR I PR AT, PRI IR ST AR R
ARK 2=, Rl Il (% O B e A 15 31 se o
B, FE A R IR AR TR R . Rig
S Ay B Tgp, TAGFERIBRIE M, KA
A RSB L. BRI, ABFFE 535
PIFSLRL 8 FIBEHY 16 15N Agp Fl Tp B IERE A
SRR TR RER A R



%6 fy

e A
W, AF

RSO AINA p AY NN i v e st 7k ¢ S 23

®3 Etinot EFEYMERRNSSITNER

Table 3 Fitting and evaluation results of basic stand aboveground biomass model

s BM O Tk

R 2240 Model parameters

R RMSE/thm™) rRMSE/%  CF

Number Model Method

B

B

B

Ba

1 & OLS  -9.2790(0.0979) 2.4725 (0.018 4)
2 A3 fuber 92749 (0.0998) 2.471 8 (0.018 8)
3 OLS -83372(0.1166) 0.8052 (0.007 6)
4 A Huber —8.3240(0.1143) 0.808 2 (0.007 4)
5 OLS  —9.066 0 (0.0950) 0.9867 (0.009 9)
6 e Huber —9.069 3 (0.098 3) 0.984 4 (0.010 3)
7 OLS  —9.0447(0.0858) 2.1847(0.027 6)
8 o Huber —9.001 8 (0.090 6) 2.1532(0.029 1)

0.992 7 (0.010 5)
0.992 3 (0.010 7)

0.889 6 (0.012 9)
0.884.0 (0.012 6)
0.4532(0.019 1)
0.466 5 (0.019 8)

0.940
0.940

0.927

0.928

0.961
0.959

0.295 6 (0.0233)  0.960 5 (0.009 3) 0.966
0.326 1 (0.0246) 0.9551(0.0099) 0.967

8.203
8.197

9.050

8.997

6.639

6.764

6.145
6.099

15.198
15.186

16.766

16.669

12.299

12.531

11.384
11.299

1.058 28
1.058 28

1.073 51

1.073 57

1.055 24

1.055 28

1.049 74
1.049 84

e LGS EE A S B ER : 2. OLSAERF @A /b — 3[4, HuberfQRARMEEIT. R FH.

Notes: 1.The value in parentheses is the standard deviation of the parameter. 2.0LS stands for general least square regression, Huber stands for robust

regression. The same as below.

x4 BRI BEVERBMBSETIRER

Table 4 Fitting and evaluation results of basic stand total biomass model

R 240 Model parameters

= Rl s
s BE TRk R*  RMSE/(thm™) rRMSE/%  CF
Number Model Method
B B Bs P

9 ¢ OLS 89597 (0.1155) 2.4689 (0.0217) 0.9894 (0.012 4) — 0.914 13.083 18.158 1.069 22
;‘3

10 * Huber —8.9592(0.1201) 2.4699(0.0226) 0.9890 (0.0129) — 0.913 13.112 18.199 1.069 22

11 X OLS  -8.0514(0.1200) 0.807 1(0.007 8) 0.888 0(0.0132) — 0.926 12.109 16.807 1.075 74
4

12 Huber —8.0409 (0.1179) 0.8106 (0.007 6) 0.8822 (0.013 0) — 0.926 12.066 16.747 1.075 80

13 X OLS  -8.6951(0.1062) 0.9725(0.0111) 0.4882(0.021 4) — 0.950 9.902 13.744 1.061 94
T\5

14 Huber —8.6815(0.1100) 0.9675(0.0115) 0.508 0 (0.022 1) — 0.949 10.032 13.924 1.062 00

15 X OLS  —8.6772(0.1006) 2.1220(0.0324) 0.3564(0.0273) 0.9506(0.0110) 0.953 9.687 13.445 1.058 58
T\6

16 Huber —8.6342(0.1044) 2.0892(0.0336) 0.3906(0.0284) 0.9444(0.0114) 0.953 9.628 13.364 1.058 69
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Table 5 Correlation coefficient matrix between stand biomass and some climatic variables
A5 & Variables A T MAT NFFD EMT CMD AHM D EXT MWMT
A 1 0.999 -0.085 -0.090 -0.082 -0.285 -0.350 0.074 -0.025 —0.059
Tea 1 —0.082 —0.078 —0.084 —0.306 —0.363 0.094 —0.001 —0.037
MAT 1 0.956 0.937 0.053 0.376 —0.555 0.461 0.698
NFFD 1 0.870 -0.076 0.296 -0.373 0.545 0.802
EMT 1 0.095 0.418 —0.758 0.179 0.458
CMD 1 0.856 —0.249 -0.102 -0.114
AHM 1 -0.389 0.040 0.142
D 1 0.430 0.202
EXT 1 0.915
MWMT 1
* 6 SEFENMKSEVERBUEETMNER
Table 6 Fitting and evaluation results of climate sensitive stand biomass basic model
5 TR JivE BB S Model parameters > RMSE/
Number Model Method R (thm™) AL cd
B B Bs Pa PBs
17 log(4gp) =B + B, < log(Dg) +  OLS (—08.11001524; (i'igi ‘1‘) (00'202250649) (3.333 ; (;)062159747) 0.971  5.730 10.616 104189
x log(H)+f,  log(N) + ‘ : ’ : X
18 8 ﬁf(fl)oi;HAj(m Huper 0000 2918 02386 09551 202383 00 00 10595 Los1 02
(0.106 0) (0.0245)  (0.0213) (0.0083) (0.020 3)
19 log(Tgp) = B + B < log(Dg) +  OLS (;)7i518819‘; (i'(l);f z) (0052734480) (g'zgz ; (;)0632()2086) 0.959  9.037 12,543 1.049 41
x log(H)+B,  log(N) + : . : : :
20 4 ﬁf(:[l)oﬁ;HMf(m Huber o0t Z 2130202903 09480 203018 1 000 g 16 a5 o4
(0.1243) (0.0287) (0.0250) (0.0097) (0.023 8)

2.3 HESEFHSEEFH RS EYER TN
3L Agg I Top AXTER, SAL T FIAK
Or TR AR i DTk, SR ANIA T B R
T Adgp: RN THIEMRRER (b+c) 1 9.73%,
Hopph Sz g ek ar () o 0.40%, TiAksr 1Y
SRR (a+b) R 96.70%, M7 (a)

g5 (c) R 0.60%, Tibks B+ SRR (a+
b) 5 9530%, MRS (a) b 85.32%,
A (b)) h 9.98%, —F LA B RN
95.90%. MR, MR TR A P i 1 R
AR, IMASMERE T A B R B 4T, H
Forp Aoy R, AR R T I ST ff B R AN 5]

Hy 87.37%, LAEERS (b) K 9.33%, ZHWEM 1%, SEE TR Agp BT AR/ TR Top 19
ﬁ%(mw+cxﬁwum XF Top: RMRHET ISZARRER, BLIAAN R 19 R Py T i
MEMRER (b+c) 7 10.58%, HPpisr kel WA PIAR,
Mol AR Ay o Ano =2.90%
a=87.37% =9.33% _0'404‘“%; 3
4> Stand: 96.70% i
% Climate: 9.73%
0.70 0.75 0.80 0.85 0.90 0.95 1.00
Mo Toy —0.60% =4.10%
a=85.32% b=9.98% i y
M4y Stand: 95.30%
% Climate: 10.58%
0.70 075 0.80 0.85 0.90 0.95 1.00

B 1 #OBEFISERFERS EMENRERS R

Fig. 1 Explanation rate decomposition of stand and factors to stand biomass
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Fig.2 Comprehensive effect between stand biomass and climatic factors
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Climate-sensitive Stand Biomass Model for
Larix spp. Plantation

HE Xiao'?, XU Qi-gang'?, LEI Xiang-dong"*

(1. Research Institute of Forest Resource Information Techniques, Chinese Academy of Forestry, Beijing 100091, China;
2. Key Laboratory of Forest Management and Growth Modeling, National Forestry and Grassland Administration, Beijing 100091, China)

Abstract: [Objective] To Establish stand biomass model and analyze the effects of stand factors and climatic factors
on stand biomass, so as to provide a model for the biomass estimation for regional scale. [Method] Taking Larix
spp. plantations from 7 provinces in Northeast and North China as samples, the data from 8" national forest invent-
ory of permanent sample plots were used to establish the basic stand biomass models of aboveground and total base
on log-transformed by least square regression and robust regression, respectively. The climate variables were
screened by principal component analysis and correlation analysis, and climate-sensitive stand biomass models (in-
cluding aboveground biomass 4y and total biomass T(;5) were established. The determination coefficient (R?), root
mean square error (RMSE) and relative root mean square error (rRMSE) were used to evaluate the models. The inter-
pretation rate of each factor was divided into independent interpretation and covariant parts and the interpretation rate
of different factors was quantified. [Result] (1) The form of the optimal basic model was the direct introduction of
variables. The R’ of the optimal 45 and T;5 models were 0.967 and 0.953, respectively, and the 4 were larger than
the T;5 biomass. The result of ordinary least square regression was similar to that of robust regression, and robust re-
gression was slightly better than ordinary least square regression. The RMSE and »RMSE of the optimal model based
on robust regression were lower than the corresponding ordinary least square regression for 45z by 0.046 t-hm* and
0.085%, respectively, and for Tz by 0.059 t-hm ™ and 0.081%, respectively. (2) The correlation coefficients between
Agp, Tgp and moisture-heat index (AHM) were —0.350 and —0.363, respectively. The climate-sensitive stand biomass
model further improved the prediction effect of the model. The R’ of A increased by 0.41%, while RMSE and
rRMSE decreased by 6.85%. The R’ of T increased by 0.63%, and the error statistics decreased by 6.79%. (3) The
independent interpretations of stand factor of 453 and 753 were 87.37% and 82.32% respectively, the independent in-
terpretations of climate factor were 0.40% and 0.60% respectively, and the covariant parts were 9.33% and 9.98%.
The interpretation rate of stand factor was much higher than that of climate factor and the covariant part was large.
[Conclusion] When the modeling data quality of the stand biomass model is high, there is little difference between
the models established by robust regression and ordinary least square regression, but climate factors have a signific-
ant impact on stand biomass. It is necessary to establish a climate-sensitive stand biomass model to estimate the bio-
mass.

Keywords: stand biomass model; robust regression; stand factor; climatic factor; quantitative interpretation rate
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