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Estimation of carbon sequestration potential of Picea schrenkiana based on
stand growth model

ZHANG Jing-lu, ZHANG Hui-fang, GAO Jian, ZHU Ya-li, Dilixiati - Baocerhan
(Modern Forestry Research Institute of Xinjiang Academy of Forestry, Urumgi 830000, China)

Abstract: The aim of the study was to understand the carbon storage status of Picea schrenkiana stand in the study
area and estimate its carbon sequestration potential, as well as understand the dynamic change process of carbon sequestra-
tion. Growth model for stand volume was constructed by using indexes such as stand age, average tree height, average tree
diameter and stand density based on four conventional growth curve equations of Gompertz, Logistic, Mitscherlich and
Schumacher. The carbon reserve growth model of stand was established by stand biomass volume-stand volume regression

model and carbon content coefficient after selecting the optimal model. The annual average growth amount of carbon density

of P. schrenkiana growed to 180 a under different stand
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TEER A R (1980-) . 5 IR PHA A Wit By BIBRe bt | 3 sults showed that, after comparing different growth curve
AR AR U W 5 R B R B TS, ( E-mail) equations, Schumacher equation was selected to construct

867591948@ qq.com the stand volume growth model which was transformed into

conditions was calculated, and the present, 30 years later
and 60 years later stand carbon storage and carbon seques-

tration potential in the study area was predicted. The re-

BIESE K2 D7, (E-mail)396930128@ qq.com stand carbon storage growth model with the model accuracy
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of 89.082%. The standard deviation of the estimated value was 13. 006, the overall systematic error was —0. 293, the aver-
age systematic error was —5. 943, and the determination coefficient was 0. 895. Based on the growth model of stand carbon
storage , it was calculated that, under the same condition of stand density, the average annual growth of stand carbon densi-
ty of P. schrenkiana was 0. 020-0. 641 t/(hm® - a) from 0 a to 180 a as the site condition of the stand changed. The aver-
age annual growth of stand carbon density in the study area was 0.299 t/(hm® + a), and the inflection point of average
growth was located at 30 a. The carbon sequestration potential of P. schrenkiana stand was 1. 245x10*t carbon, and the
carbon storage values of P. schrenkiana stand at present, in the future 30 a and 60 a were 3. 439x10°t carbon, 3. 447x10°
t carbon, 3.450x10% carbon respectively, the growth values of carbon storage in the future 30 a and 31-60 a were 8x10°
t carbon, 3x10°t carbon respectively, and the increases were 0. 233% and 0. 087% respectively. The stand carbon storage
growth model constructed in this study shows high accuracy and stability, and can be used to estimate the stand carbon se-

questration potential of P. schrenkiana in the study area. The proportion of mature forest and over mature forest of P.

schrenkiana in the study area is high and the stand carbon sequestration potential is low, so it is necessary to optimize the

forest age structure to promote the sustainable development of P. schrenkiana forest.
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Fig.1 Geographical location and sample distribution of the study area
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Table 1 Descriptive statistics of samples

BEAHIA EHAER CFBRE S PR Mﬁ%ﬁ

(a) (m) (em) (Fk,1 hm?)
HfH 103.5 19.4 18.4 470.9
5% BRI E 103.7 19.7 18.5 463.3
Gl 105.0 20.0 18.0 421.0
5% 1451.8 47.3 30.5 52 283.1
b2z 38.1 6.9 5.5 228.7
W/ IME 20.0 5.0 6.0 66.0
WRAE 185.0 30.0 30.0 1 080.0
JE 165.0 25.0 24.0 1 014.0
Py 43 R 57.5 10.0 8.0 331.5
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Table 2 Normal distribution test

() s W i K-S 56
A
it i FRifER itk PR et ik PAiH

AR -0.104 0.241 -0.643 0.478 0.060 0.20

SEE A -0.387 0.241 -0.724 0.478 0.087 0.06

ST Az -0.154 0.255 -0.395 0.506 0.053 0.20

MR35 0.530 0.241 -0.171 0.478 0.104 0.07
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Table 3 Status level guidance curve equation
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Table 4 Growth model of stand average diameter

Gompertz Y=axexp[ —bxexp( —cxage) ]
Logistic Y=a/[ 1+bxexp( —cxage) |
Mitscherlich Y=ax[ 1-bxexp( —cXage) ]
Schumacher Y=aXexp(-b/age)

ab.c NEH;age HMRGPT-HIEEWE

1.3.2 3bALZRIEH(SCI)  RAIMRIF-HI 0 e Bk
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Table 5 Growth model of stand storage

Jife FRI R R

VOL= (axSCI") xexp( —cxDBH? ) xexp( —exage)

Gompertz
Logistic
Mitscherlich

Schumacher

Gompertz
Logistic VOL= (axSCI")/(1+cxDBHxexp( —exage)
Mitscherlich VOL= (axSCI") x( 1-cxDBH" xexp( —exage)

VOL= (axSCI") xexp( —¢xDBH"/age)
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Table 6 Model accuracy verification method
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Table 7 Fitting parameters and accuracy of status level guide curve

Mk e FiE a b ¢ R
Gompertz Y=axexp[ -bxexp(—cxage)] 29.880 3.069 0.020 0.769
Logistic Y=a/[ 1+bxexp(-cxage) ]~ 28.014 8774 0.031 0.769
Mitscherlich ~ Y=ax[ 1-bxexp(—cxage)] 36616 1.122 0009 0.765
Schumacher  Y=axexp(~b/age) 41.465 72.132 0.762
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Table 8 Parameter fitting and accuracy verification of stand aver-
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Table 9 Parameter fitting and accuracy verification of stand stor-

age growth model

age diameter growth model T
: AR
N ) Hhek R Logistic Gompertz Mitscherlich Schumacher
SRR

Logistic Gompertz Mitscherlich  Schumacher a 0.787 -16.133 -2.905 0.668
a 12.778 -1.905 4.148 —-7.788 b 2.100 2.100 2.100 2.101
b 0.188 0.373 0.470 0.106 c -1.000 41.024 8.388 0.652
c 0.000 5.154 —-224.942 -8.102 d -0.004 -0.002 -0.002 -0.018
d 1.229 -0.082 -2.515 -0.064 e 0.000 0.000 0.000 3.124
e 0.004 -0.004 0.005 70.966 R? 0.895 0.895 0.895 0.895
R? 0.870 0.828 0.808 0.877 SEE 13.080 13.102 13.070 13.006
SEE 9.480 4.036 11.700 4.898 TRE -1.051 -1.111 -1.027 -0.293
TRE -40.488 8.006 —-58.544 10.075 MSE -6.301 -6.362 -6.286 -5.943
MSE -35.247 8.539 -52.088 5.194 P(%) 89.397 89.391 89.392 89.082
P(%) 63.351 88.813 47.304 85.149 a.b.c.d e HSE R ke R B SEE AN THE AR HEZE ; TRE

a.b.c.d.e WEEGRY WP E R SEE N THE bR IEZS ; TRE
MARGIRYE ; MSE B RGP RS
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Table 10 Average annual growth of carbon density under different stand conditions
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