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Evaluating prediction accuracy of two methods for tree carbon stocks of Korean

pine plantation in Heilongjiang Province, China

GAO Huilin, LI Fengri®, JIA Weiwei, DONG Lihu
College of Forestry ,Northeast Forestry University , Harbin 150040, China

Abstract: Forest carbon stock is an important indicator for evaluating the ecological benefits of forest ecosystem. Thus,
accurately estimating the carbon stocks for the different components (i.e. stem, branches, foliages, and roots) of individual
trees is essential and necessary. In this study, a total of 44 Korean pine ( Pinus koraiensis) trees were sampled from the
plantations in Heilongjiang province, China. The biomass and carbon stocks data were collected for different tree
components. Based on the theory of non-linear simultaneous equations, the compatible models of the biomass and carbon
stocks were developed for the whole tree and each tree component (i.e. stem, branches, foliages, and roots) by using the
proc model procedure of SAS9.22 software to estimate the model coefficients. The prediction accuracy of two methods (i.e.,
direct and indirect methods) for predicting the Korean pine carbon stocks was compared. The direct method directly
predicted the carbon stocks of the tree components using the developed compatible models of carbon stocks. The indirect
method predicted the carbon stocks in two steps: (1) predicting the biomass of the tree components using the developed
compatible models of biomass, and (2) multiplying the estimated biomass by carbon content percentages to obtain the

carbon stocks. Three kinds of carbon content percentages were used (a) the carbon content conversion factor 0.5 commonly
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used in the literature over the past decades; (b) the average carbon content percentage of individual trees measured from
the sampled trees; and (c) the average carbon percentages of tree components measured from the sampled trees. The results
indicated that the coefficients of determination ( R*) of both compatible biomass and carbon stocks models ranged 0.76—
0.99, and the modeling efficiency ( EF) of the two models were 0.80—0.98. The prediction accuracy of carbon stocks by
the direct method was 91.03% for stem, 70.24% for foliages, 80.02% for branches, 87.10% for roots, and 93.08% for
total, respectively. In comparison, the prediction accuracy of the indirect method using the common carbon content
conversion factor 0.5 decreased 1.39% for stem, 0.13% for foliages, 1.5% for branches, 1.09% for roots, and 2.2% for
total amount, respectively. On the other hand, the indirect method using the measured carbon content percentages reduced
the prediction accuracy within 0.3% for each tree component and the total. We also investigated the error sources for

predicting carbon stocks and found that the prediction accuracy was mainly dependent on the factor of C,%/C% (where C,%

represents the carbon content percentage of tree components and C% is the average carbon content percentage of individual
trees ) . It was evident that the direct method was the best for predicting the tree carbon stocks of Korean pine. The commonly
used carbon content conversion factor 0.5 was significantly different from the measured carbon content percentages. Thus,
the indirect method using the factor 0.5 performed poorly for predicting the carbon stocks, while using the measured carbon
content percentages of tree components as the indirect method would greatly improve the prediction accuracy. The results of
this study will provide basic models and direct method to predict carbon stocks of stand or large scale forest for Korean pine

plantation.

Key Words: Korean pine ( Pinus koraiensis ) ; biomass; carbon stocks; non-linear simultaneous equations; compatible

model ; prediction accuracy
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Table 1 Descriptive statistics of model fitting and validation data sets for Korean pine plantation

UAEHE Fitting data (n=33)

g8 %5E Validation data (n=11)

A1

e RAME R PHbE2  RME Rk PHfsheE
Min Max Mean + Std Min Max Mean + Std
M7 Diameter /cm 4.8 47.0 19.70+9.1 9.5 25.0 16.30+4.5
47 Height/m 4.7 19.6 12.30+3.7 8.2 14.6 12.10+2.1
H: i S Total biomass/kg 11.55 1314.28 202.09+241.92 19.7 282.43 104.36+78.27
Pk B Total carbon content/kg 5.67 642.27 98.47+118.70 9.23 134.65 49.85+37.70

1.3 WFRTE
1.3.1  AHZMH: A Y5 R0 A AR (1) Ay 7
AR A (CAR) FEH 200 B 25 M frj 2 Fa 2

VELFAOHRE &, PR, AR BTIE R CAR A7 3Tl
S TR A MR S5 R AR )
y =aD' (1
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Table 2 Descriptive statistics of carbon content percentages for tree components of Korean pine plantation (n=44)
£43H Components BT Stem R Branch B Foliage PR Root S Total
/MH Min/% 44.42 45.32 44.24 43.18 43.18
Fe K8 Max/ % 55.78 53.85 52.22 62.43 62.43
SE-H{E Mean/ % 47.70 49.04 49.33 48.27 48.11
PrifEZE Std 2.03 1.79 1.69 2.80 1.80
95% E {5 X[ T B Lower 95% C.1./% 47.38 48.51 48.81 47.42 47.56
95% E {5 X[ L FR Upper 95%C.1./% 48.32 49.59 49.84 49.12 48.66
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Table 3 Model coefficient estimates of compatible models (eq. (2)) of tree biomass for Korean pine plantation (n=33)

RSB HL Model Coefficients Cu0 b Tt T T3 by L L
ZHUGHAE Coefficient estimate 0.101476  2.444062 0.081341  0.29581  0.178589 0.367342 -0.24807  0.248521
F5HEiR Standard error 0.0256  0.0735 0.0639  0.1723  0.1705 0.0559  0.1814 0.0941
o KB 1-test 3.97 33.27 1.97 1.72 1.05 1.94 -1.37 2.85
P 0.0004  <.0001 0.0127  0.0959 03029  0.0412  0.1814 0.0045

Cu0s Duos Tt s Tuns Tus sk > Kz s Koy SPIRGR N TELARSLARNUAMELE DT ) 25 DS B, R ST A w AR LY R
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Table 4 Model coefficient estimates of compatible models (eq. (3)) of tree carbon stocks for Korean pine plantation (n=33)

IR ZHUL Model Coefficients o by rel o T3 ke kg ke

BRUHTHE Coefficient estimate 0.046166  2.46484  0.079578 0.306026 0.159188 0.382041 -0.24832  0.293501
FRifEi% Standard error 0.0116 0.0728 0.0411 0.1801 0.1485 0.2494 0.1836 0.0864
t KL t-test 3.99 33.86 1.99 1.7 1.07 1.98 -1.35 3.02
P 0.0004 <.0001 0.0106 0.0993 0.292 0.0357 0.186 0.0033
s by Ters T Tz shor s kg kS0 BMRER AN TLIMA ST AR HE SRR AT AL (1 45 A 2400, Horh 800 T FAbR o AR Eriic A7
F5 AIARIAREYEMEHEAFTERENERENREER
Table 5 Model fitting and validation statistics of biomass and carbon stocks for Korean pine plantation
A Goodness of fit K45 4 Validation result
N YR A - A AR X
o R e o e O L
Model Organ determination - 0oare GO efficiency Mean Absolute o Percent Precision
o RMSE/ ir Percent Exror P/%
kg MAE/%
ARSI A ) AR W+ 0.869 10.14 0.96 14.47 -2.69 91.04
Compatible biomass AL 0.766 3.23 0.82 20.71 -15.32 80.01
model it 0.763 1.17 0.80 20.90 -14.72 71.06
RIAR 0.823 1.34 0.94 28.01 -13.72 87.08
JENc 0.987 - 0.98 11.61 -5.82 93.10
ARV B ik AR B 0.882 4.70 0.96 14.77 -4.47 91.03
Compatible carbon WL 0.768 1.60 0.82 22.12 -14.25 80.02
content model Wt 0.757 0.59 0.80 21.21 -15.02 70.24
L 0.825 0.68 0.95 28.24 -13.77 87.10
=8 =3 0.984 - 0.98 11.83 -7.24 93.08

% 5 AT, FH A A o R R e AR AR 1) 4%
VBB RMEHAE 0.75 LU L, Hoh e W R
1) RPMEIIAE 0.82 LU I AHZ A 8 45 ik i A
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W, SEHAXT IR 2 (ME% ) #AE+15% LA, BT A
MIEPEL8%Z N, i B LA AR EF 4B
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AW N R, AN, NGRS B R T, A e
TR 5tk S R 22 (] JL T A 22 1), 3 3l 158 P i) 4%
VLA — i BRIV AR i AR F) 065 0 R P 7 2R B TR 22
5 A RR ZZFEAHH R, TR 0 SR ) ik
BOHIE T A ORI 22 I AR 22 K IR T 1Al 3k
(858 — B B B 3fe LA B Y & ik %8

2.2 EIRES R X T

ELHEE NI 1 2 i B U RS L TR LR 6,
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Table 6 Prediction accuracy of tree carbon stocks by the direct and indirect methods

. ] He v R S IR IE =X ! o
Ik e WF ikt it it i
Carbon stock percentage . -
Method o Stem/ % Branch/ % Foliage/ % Root/ % Total/ %
type used in indirect method

EH¥E Direct method 91.03 80.02 70.24 87.10 93.08

[E]47% Indirect method a 89.64 78.52 70.11 86.01 90.88
b 90.79 78.94 70.11 87.08 92.67
c 90.85 79.96 70.14 87.04 92.69

T a FOREHEGEA B RIR AR 0.5, FaR AR SRS RR o ZORRASA A A IS SR
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Fig.2 Residual plots of the compatible carbon stocks model for each tree component
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