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Driving factors of carbon sink in natural Larix gmelinii forests based on

structural equation models

Mei Xuesong Dong Lingbo Chen Guanmou
(School of Forestry, Key Laboratory of Sustainable Forest Ecosystem Management of Ministry of Education,
Northeast Forestry University, Harbin 150040, Heilongjiang, China)

Abstract: [Objective] This study aimed to clarify the driving mechanism of carbon sink formation in
natural Larix gmelinii forest, and to provide theoretical basis for improving the carbon sink function of
natural L. gmelinii forest in this area. [Method] Based on the survey data of 264 fixed plots from the 7th
and 8th continuous national forest resource inventory in Daxing’anling region of Heilongjiang Province,
northeastern China, this study selected 24 indexes from 6 aspects, namely stand, climate, diversity, soil,
topography and cutting, considering 4 carbon pools of tree growth, mortality, ingrowth and cutting. The
effects of each index on carbon sink in natural L. gmelinii forest were quantified by stepwise regression and
structural equation model. [Result] (1) The average carbon sink of natural forest of L. gmelinii from 2005 to
2010 was (1.17 + 0.71) t/(ha-year). (2) The determination coefficient (R?), root mean square error (RMSE)
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and mean absolute error (MAE) of the stepwise regression model were 0.60, 0.60 t/(ha-year) and

0.45 t/(ha-year), respectively, indicating that the model was highly accurate. The variables selected by the

model included Shannon-Wiener index, canopy density, soil total nitrogen, soil total potassium, average

DBH of dominant trees, annual mean precipitation, slope and average age of stands. (3) In the structural

equation model, the path coefficients of Shannon-Wiener index (0.462) > canopy density (0.357) > average
DBH of dominant trees (0.313) > soil total nitrogen (0.286) > soil total potassium (—0.142) > annual mean
precipitation (—0.107) > slope (—0.069). [Conclusion] Shannon-Wiener index, canopy density and soil

conditions are important driving factors affecting carbon sink. Tree species composition, average DBH of

dominant trees, canopy density and soil fertility can be adjusted through rational thinning or undercrown

replanting in subsequent management to improve the carbon sink function of natural forest of L. gmelinii.

Key words: forest management; carbon sink; Larix gmelinii; influencing factor; stepwise regression;

structural equation model
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Tab. 1 Biomass models and carbon content coefficients of various tree species
WA A A FWE
Tree species Biomass model Carbon content rate

VEMFa Larix gmelinii W = 0.046 238C(D*H)% %2, . _Ww1/4.81 0.521 1

A2 Picea asperata Wy =0.067 732(D*H) % %; Wy = 0.008 8D*** % 0.520 8

. ) ) ) Ws=0.336 4D>™7; Wy =0.298 3D"'*;

FEFHA Pinus sylvestris var. mongolica Wi —0.293 1DV, Wi = W+ Wi+ Wys Wy = We/3.14 0.5223

MEA Betula sp. Wr=10.027 860 1(D*H)"9% 3%, W, = W1/2.89 0491 4
Ws=0.044(D’H)"'%%; Wy = 0.023(D*HD*™"'%;

A 45 & A% B Other hard broadleaved tree species W =0.010 4CD*HD*%; W, = 0.018 §(D*H)*$4,; 0.500 4
Wy = Wg+ Wp + Wy + Wy ; Wg=0.019 7(D*HD"¥¢3

H AR FE B Other soft broadleaved tree species Wy =0.049 550 2(D*H) 243, Wy = Wy/3.85 0.495 6

i DANAE s HIIW s W IR W o B AR W MR E s W Wi A s oo B RS S B W i R A

. Notes: D is DBH; H is tree height; Wy is stem biomass; W} is bark biomass; Wy is branch biomass; W, is leaf biomass; Wy is total aboveground

biomass; Wy is underground biomass.
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Tab. 2 Information of sample plots

el fabr Rl BlAEe| FrifE 22
Index type Index Mean Range SD
WA R/ (thm 2a™)
Carbon mortality/(t-ha '-year ") 0.42 0~27.14 3.65
i A=/ (thm™2a ™)
Carbon ingrowth/(t-ha '-year ") 0.14 0~697 101
TS R eRAR =/ (thm 2-a™)
Carbon pool information Carbon harvesting volume/(t-ha '-year ") 415 0~ 100.86 12.82
e K E/(thm™>a™)
Net carbon growth/(t-ha™'-year ") 0.2 ~101.83~12.99 14.27
WICE/(tthm2a™)
Carbon sink/(t-ha "-year™") 117 0.03~329 0.71
SRS
PRI 85.34 23.00 ~ 195.00 40.29
Average age/year
PRECE /G- hm ™)
Plant density/(plant-ha ) 1 040.00 133.00 ~ 3 883.00 601.84
DBH/cm 13.02 6.30 ~23.8 3.40
ERY/(m*hm ™
N 7 —_
PRIFRRAE o Volume/(m®-ha ) 89.03 4.90 ~ 265.70 53.30
Stand characteristics
A2 M0 % Mean DBH of dominant tree/cm 15.53 6.30 ~ 35.00 5.66
T #5944 7 Mean tree height/m 13.78 4.20 ~23.00 3.82
HB P Canopy density 0.48 0.20 ~0.93 0.16
A HA/ (m?> hm ™)
Stand basal area/(m*-ha™') 13.10 117~33.44 .22
=5 F£ Richness 2.53 1.00 ~ 6.00 1.01
LR B2 Simpsont % Simpson index 026 0~0.62 0.17
Tree species diversity Shannon-Wiener#&#{ Shannon-Wiener index 0.45 0~1.12 0.29
Pielout’) =] £ 8 % Pielou evenness index 0.46 0~0.89 0.26
~+3% pH Soil pH 5.90 5.70 ~6.13 0.09
+ 345 Soil total P/(g'kg™) 0.50 0.36 ~ 0.68 0.06
TR +458 424 Soil total K/(g-kg™) 14.49 11.13 ~ 19.44 1.35
Soil condition
+ 44 % Soil total N/(g-kg™ 1.95 1.50 ~2.93 0.31
+ A ML Soil organic matter/% 28.40 21.73 ~42.79 3.50
R Altitude/m 673.45 253.00 ~ 1 153.00 197.66
4 f W P53 Aspect index 0.40 0~ 1.00 0.35
Site condition A Slope position 2.33 1 ~4.00 0.99
Wi Slope/(®) 7.84 0~ 28.99 5.67
F 443 Annual mean temperature/°C —2.45 —4.87 ~—0.02 0.93
FE %7K Annual mean precipitation/mm 452.76 331.00 ~ 543.00 30.67
AR TG 78 M Frost-free period/d 129.99 105.00 ~ 155.00 8.74
Climatic condition SR A IR
Mean warmest monthly temperature/°C 18.42 16.23 ~20.30 0.73
TR AR
Mean coldest monthly temperature/°C 2557 "2833~-2272 116
KAX Harvesting AKX % Harvesting intensity/% 6.89 0~ 83.63 18.28
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n=Bn+T&é+(n (standardized root mean square residual, SRMR). 1T
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Fig. | Dynamic changes of carbon storage and carbon sink in each age group
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Tab. 3 Stepwise regression of carbon sink and each factor
A T P57 A iRz TTEBKET ZHUhTHE T P
Influencing factor Sum of squares ~ Stand error VIF Parameter estimate
SPHIEERY Average age 4.885 0.001 1.766 -0.004 -4.879  <0.001
P34 F 131942 Mean DBH of dominant tree 8.211 0.006 1.482 0.038 6.325  <0.001
P41 Canopy density 13.338 0.191 1.242 1.539 8.061  <0.001
P Slope 2.536 0.006 1.344 -0.020 -3.515  <0.001
44 P& 7K B Annual mean precipitation 1.337 0.001 1.120 —-0.002 —2.552 0.011
Shannon-Wienerf&4{ Shannon-Wiener index 3.192 0.117 1.463 0.462 3.944  <0.001
T+ A4 Soil total K 4.570 0.024 1.382 -0.114 -4.719  <0.001
44 Soil total N 7.808 0.106 1.350 0.652 6.168  <0.001
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