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Estimation and spatial pattern analysis of biomass of Picea schrenkiana forests
LUO Qinghui'*,XU Zeyuan"?,XU Zhonglin'-**
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Abstract: Picea schrenkiana ( Schrenk’s spruce) forest is a major water conservation forest located in the Tianshan
Mountains of Xinjiang Province.Therefore, estimating the biomass of Picea schrenkiana forest accurately and characterizing
its spatial pattern exactly are significant for assessing the biological productivity and ecological service function of its
ecosystem. Based on the data acquired by Landsat 8 OLI in remote sensing as well as a survey of 66 sample plots of Picea
schrenkiana forest in the Tianshan Mountains, this study selects 42 independent variables including the gray value of each
band , the linear and non-linear combinations of gray values in different bands (including 5 vegetation indexes) , and adopts
the multiple stepwise regression analysis method, the partial least squares method, and principal component analysis method
to establish a biomass estimation model for the Picea schrenkiana forest in the Tianshan Mountains. The results reveal as
follows; the multiple stepwise regression method adopts three independent variables to establish a model. In this model, the
average fitting accuracy is 69.07%, the absolute error is 64.50 t/hm’, the average relative error is 10.89% , and the
correlation coefficient between the measured value and predicted values of the biomass in the sample plots is 0.465; the
partial least squares regression method applies 11 independent variables to establish a model. In this model, the average

fitting accuracy is 74.36% , the absolute error is 144.94 t/hm’, the average relative error is 28.78% , and the correlation
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coefficient is 0.717; the principal component analysis method extracts 3 principal components to establish a model. In this
model, the average fitting accuracy is 71.22% , and the correlation coefficient is 0.730. Hence, the partial least square
method is better than the principal component analysis method and the multiple stepwise regression method. The biomass of
the Picea schrenkiana forest in the Tianshan Mountains decreases with the increase of latitude and longitude. The overall
trend is high in the west and low in the middle and the east; it changes in a "single peak” shape with increasing altitude ;
the biomass of the sample plots is mainly distributed in the ridge position, which tends to decrease first, then increases with
the increase of slope, and decreases ultimately; with the change of slope direction (from the shaded slope to the sunny

slope) , the biomass of the sample plot decreases gradually.

Key Words: Picea schrenkiana forest ;biomass ;spatial pattern ; multiple stepwise regression ; partial least squares regression ;

principal component regression
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THL WA ) A SRR /NBE ( Berberis heteropoda) (21 5R/NBE ( Berberis nummularia) . 24.%& ( Lonicera sp.) K L AEMkK
( Sorbus tianschanica) BERA] T ( Cotoneastermelanocarpus) 7% 1k ( Rosa sp.) G542 ( Spiraeahypericifolia) % #5
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Fig.1 Distribution of sampling points in the study area
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THE A 180 PR A9 T A R AR B ARG R (AR T 5 em) IO =5 S0 S A% /&7, (457 GPS TE sRAEHb A 28 3 |
A ERSEEE . WA XTI X TR AN SR AR AL, H T 66 HeAE M AR HURE LRI AN 0.0314 hm®, AR4ERE
OB AR OB K B S R IL = RS B AR O R TS AR A R Y (R 1) R T R
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x1 EYEHER
Table 1 Biomass models
H Model HEFIZHL Model parameter HOH Model HRIBHL Model parameter
a b a b
W =a (D*H)" WA 0.033759 0.907882 W =a (D*H)" LAY/ by 0.027648 2.252940
W = a (D*H)" e pz A 0.005498 0.830362 W =a (D*H)" PR AL A 0.042731 2.187144
W =a (D*H)" A A i 0.019814 2.602171
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Table 2 Calculation formula of vegetation index

FHBEHEEL Vegetation index A3 Caleulation formula

ZEHAE WS EL Different vegetation index DVI = B, - B,

AR AR BEFE L Ratio vegetation index RVI = B,/B,

+ RS RL Soil adjusted vegetation index SAVI = (1 +L) x (B, - B;)/(B, +B;)
IH—EAE W5 X Normalized difference vegetation index NDVI = (B, - B;)/(B, + B;)

1B IE 1 - HE R AT PR EL Modified soil—adjusted vegetation index MSAVI = (2B, +1 - /(2B, + 1)> = 8(B, - B;) )/2

B NI LT AN B s By TSI B L o SR IR T, 8 B 0,512

®3 BEZERTEHMAEMERXRY

Table 3 Correlation coefficient of variable factor and plot biomass

Variable coefficient Variable coefficient Variable coefficient

R AR I B Band2 0.016 || HHEHETF Eain 0.349* || “UfEET bis 0.291*
Original band Band3 -0.059 || Soil factor ARG KE -0.106 | Climate factor by 0.242
Band4 -0.060 || A fEE T b, -0.122 bys -0.264

Band5 0.018 || Climatic factor b, 0.339 big 0.304

Band6 -0.010 by 0.336 " by, 0.274

Band7 -0.007 by -0.336 big 0.324"

TH B 6 4L DVI -0.203 bs -0.169 b 0.274
Vegetation index RVI 0.094 be -0.180 || HbZE(F R 72 -0.505 **
SAVI -0.139 b, -0.030 || Geographic i -0.432%*

NDVI -0.139 by -0.313 || information R 0.374*

MSAVI -0.098 by -0.010 Y -0.010

T AU SR -0.014 by -0.263 Peia) -0.225
Soil factor W 0.235 by, 0.027 i fir 0.008
pH -0.064 b 0.318* :Taﬁﬁisity -0.016

by AAESEERRIE b, N B, by SRR b, F IR, bs i A Y B R L, b M RIS A AL , b, N AR BIIR BE VI by
BT B by d T Z PR | b, N AT R b, RS TR | b, AR YRR b s A ai H kot b iR T A
BRI b s AT ERE K, b, BB ZERK L b, e T R b WERIE TR KL, b WIRIS TR AL * ;0 = 0.05; % * ;a = 0.01

3 ZBRE5SH

3.1 ZouBd AR

22 TGP A1 U172 1] L2 B 22 SO AR M (] UV P £ A g SR 28 1 R 531 1 72 i e DR 28 ) Bk AR 5/ Y
()R, [ P T S ISo0] PRl 72 S B 28 ) AR i, O e 1 S 2 M IR s i AR i, XTREAC IR EA TR AL AR 3L, )
F SPSS 22.0 B R HIZ A AL 7 Z2 028 A0 I A Y 3o oo G 3 F) 28 B O 22 AR TR by, HIR 4 W]
L RER 3 PR E RBURK (R? =0.456) , JF B B E VR R (P<0.01) , PRt B 3 0 fre (LA Wy i Al A6
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Table 4 Coefficients and significance of stepwise regression model

HHRRE(R) P REU(R?) e
FEA Models Correlation Coefficient of F oo
- . Significance
coefficient determination
B = 8480.462 — 96.803Lo 0.505 0.255 15.078 0.000
B = 3691.127 - 96.223Lo + 3.203R, 0.611 0.374 12.828 0.000
B = 13899.500 - 201.132Lo + 2.836R, - 14.301b, 0.675 0.456 11.745 0.000

3.2 e/ AR AR A
321 AWrE AR T 2 E LS B

s 5e /N T [T U — Tl 22 50 2tk MU 43T | 2 o3 o F AR G 3 T AR S 4, PES 0 R S ImT A A 4
PEEER TR M 75t Wold 481 F 1983 AR 7EAL ] [ A8 i 22 A%t [B) 45 22 5 M DGk 45 In) ) LA
PR AP Bk SIS 7E Matlab2016a P HEAT i fe /0> 3 11105 (4 ELAACAE B AT A3 2% e/ —
el Ltk S ARt ) 2

(1S4 M R AR G 57 () — AT BN A e 2 F AR W, SR ISR Ik B A . (1) FRIEAR AR 5L
FoM i HO ) 5 248 BUEAE 10 5 30 [ S5AH 6, 76 30 5 100 0] FRAEA S, KT 100 FR A 30 AH 56 & i
REMHEE =10, H 2 D50 TT RNE R E0E BRI J7 250 b, — R T 0.5 B, Ak 3 A8 5 (8] £77E
LR (2) AAS R YA SC R B0 A5 REUEMAUT T 1 B, FRoR AR (1 [ 28 F 22 (0] 45 5058 10 2k P AR 56 56
A0 ] (R A DG R A EXHE K T 0.7, WA A A8 5 2 ] () SR PR AR SEME 0 5 (3) AR Jr 22 I BK I+ (VIF)
FIWT VIF (EREA, AHSC R BT T 1, WA 4 25 5 i) A 2R P s 24 VIF =10 B, AT IACH H AR BRI AF
FEFPE ALY ARG AR I W = A bRA: 45 R B8 DX R a8 FAE B AT B T AR
75 H IR P BRI 2R AR5 T 223 ik LU 81, A5 60 45 TR 1B) A 45 85K 13386.556 , AR IR HIE AR 2% 1446 B0
FEOY LB ZEA A BT el 0, AR 4% H A s R R A F AR B Y 22 F 2t | 55 8 F O I DA A ik B A T A
AR
3.2.2  frds/ T Rl AR ) ST

ARSCRH 46 SRR YRR B S AR R AR SR 1 11 A B AR R TR e/ N R A S 4R 3 A
ARSI e/ 3 A R AL A R
Y = 13705.376 - 114.256La — 144.094Lo + 0.114H + 3.158R — 0.472b, — 9.964b, — 2.855b, + 0.045b,, — 4.489b ,

- 1.101b,, — 0.689b,,
K La HAE  H TR b, WY A 522 b, 0S50 b, BT VEIREE b, AR BK IR 0, N IIR 2%
KA b\ IR K
3.3 ETEMS A A P

Z LA RN B2 A [F1 U3 2k 22 B8 7 AR A 40 o 5 38 ST 2 DR A A AR (L[] DA 78 o (1 457
T AT BB AT AR I LA ) L 00 5 M A R FO S T o 2 B A A ) SRR S A B B O i, B EUAS A
R R, BT R S AR Y 2 A R BE AT UG B A AR R R 0 RS L IR B 4
B B Y, ST DL AR 2 (] 22 J1AH DG ) @,
331 BB TR AT

FIH SPSS22.0 # A H R F AT I BEXT 46 DFEAMASEHER = 1% 12 A AT 442 E, X A
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AR B 7 #E4T KMO F1 Bartlett FOERIRFGH: , KMO 18 :0.722>0.6, Bartlett [BRIRKG I 5 5 Z 0 (P<0.05) , %
BRI LEA T S B A

x5 ERSBEFHE SFEERTEHE

Table 5 Factors loading value, eigenvalue and contribution

Fr B—EMS B ERSY 5= E RS
Principal components First principal component  Second principal component Third principal component
4iJ¥ Latitude -0.541 0.342 -0.084
2% Longitude -0.922 -0.117 -0.171
K Altitude 0.614 0.409 0.199
X Bulk density -0.051 -0.064 0.803
V44 H #5625 Mean diurnal range 0.798 -0.532 -0.157
ZIRME Tsothermality 0.832 -0.496 -0.159
ZTT MR Temperature seasonality -0.873 0.368 0.193
ARSI /K E Annual precipitation 0.951 0.201 -0.004
I8 H 3 /K i Precipitation of wettest month 0.932 0.315 0.011
IR ZEE K& Precipitation of wettest quarter 0.937 0.306 0.013
e 2[4 K B Precipitation of warmest quarter 0.941 0.303 0.033
Z{EA AR L Different vegetation index -0.160 0.475 -0.572
FFIF{E Eigenvalue 7.176 1.517 1.137
TEK# Contribution /% 41.337 30.847 9.736
Z3F 5Tk Cumulative contribution /% 41.337 72.184 81.920

AFE S W AT 3 A R BTSRRI E] T 81.92% , ML T H AR BN FREAR Y EEAE B A R A
WA 3 A FEOREE TAEAS Y 25 BRI, SGR B T R4t R AR A E . AR 2 far 2B vl %0, 5 —
Iy PC RSB TAPE by by, by by 1 EZAF R 5 0 PC, FEERWE b, by, b, IR ZHEEFI DVI;
B S PCRMUNE B E AR, FE R T HEEMNFL.,

3.3.2  MERIREEST KO 20T

FIFHEFESTAY 3 AT, A 46 NREHLAY 3 A FMME, B TR EE A B 28 R A Y2 AF
Sk RIS ST AR e A ISR 3 6 T, AR W AS F AR S AR e o
P Z M RE R=0.619; AL RN F s .

Y = 415.903 + 113.403PC, + 100.161PC, — 172.666PC,
KLYV B AEY R (Vhm?) ; PC,-PC, 5350 3 A FEME

x6 FENW
Table 6 The table of variance analysis
J5 2R U5 SEJ5 ¥75
Source of variance Sum of square 4 Mean square F
[F1JH Regression SSR=2371775 3 MSR = 790592 8.688
%2 Residual SSE =3822038 42 MSE=91001
S Sum SST=6193813 45
4 iFig

4.1 RINFHWE A2 MAEYy Al IR R i LA
RS 22 TR AL A A e/ I — 3R [ U R 32 18 0 W 12 K A R 1L SR e 5 AZ PR AR ) B T ARG R,
SCOFI AR Z: S5 ARG B 20 ANE Hi S I A= 49 ek 5080 of A5 ASE R EA T TUIIRS BEAS 36 (1 2) o iAo, 20T
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Fig.2 Comparisons between measured and predicted biomass in 20 samples
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KUNTFWS 2= A2 AR ) f: Bt 243 5 1 186 T g A AEG , 10 01 3¢ AR b A= ) 3 1) 38..63% 1T L 46 J3 R fff Bk (P<
0.01) , A=Wy it fie B 53 A0 7E 42°—43°N XI5 (&l 3) 3 A= Wik Bl 20 B ) 348 om 222 3R AIG Ay A8 A e 35, Tl )3 R B AR
HAE ) 1 25.38% 1] LG E R MR (P<0.01) , AE Wi di = {0 A A 80°—82°F X (& 3) . £ L Jrak , i
FXFIW = MY e Iﬂiﬁﬁ@%iﬁﬁﬁ%ﬁﬂfﬁ,%%szjuﬂj?im?ﬁiﬁi%;@k?&m FP RN 4R 3
A KRR R B (L 3) 3 5500 B0 A5 RN SO S I S 458 — 3K, 7 A R B 4 1) 32 2 A
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Fig.3 Biomass of Picea schrenkiana forest with latitude and longitude
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Fig.4 Biomass of Picea schrenkiana forest with topographical factors
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