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Relationship between tree growth and tree size, competition as well as species
diversity in spruce-fir natural forests

Zhang Lanqi' Yang Hua' Zhang Xiaohong®
(1. State Key Laboratory of Efficient Production of Forest Resources, Beijing Forestry University, Beijing 100083, China;

2. Center for International Cooperation and Exchange, National Forestry and Grassland Administration, Beijing 100714, China)

Abstract: [Objective] Tree size, competition, tree species diversity and other factors in the forest stand
affect the growth of forest trees, while the individual basal area increment (BAI) is often used to describe
tree growth. A random forest model was established to study the individual tree BAI of main tree species in
the mixed forest of Changbai Mountain of northeastern China, study and quantify the environmental
mechanisms affecting tree growth, aiming to provide a theoretical basis for growth projections.

[Method] Data were investigated for 24 consecutive years (1987-2010) in a fixed sample plot with a total
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sample size of 6 903 trees. Random forest algorithm was used to build individual tree BAI model with 11
independent variables as individual tree, competition factor, diversity, and climate for 6 main tree species in
mixed forest. And 10-fold cross-validation was used to optimize hyper parameter mtry and evaluate these
models. [Result] (1) The coefficients of determination for the model of BAI for the six major species of
Abies nephrolepis, Picea koraiensis, Pinus koraiensis, Tilia amurensis, Betula costata, and Betula
platyphylla were 0.663, 0.683, 0.695, 0.459, 0.384, and 0.568, respectively. (2) The basal area (BA) of
individual tree was the most important independent variable, and had a strong positive effect on the growth
of trees. Competitive factors and tree size diversity were the main factors affecting tree growth, and
individual BAI decreased with increasing competitive factors and tree size diversity. (3) The effects of
species diversity on tree growth were relatively limited, with increases in species diversity index and
mingling degrees accelerating the growth of Abies nephrolepis, Picea koraiensis and Pinus koraiensis to
some extent; whereas the effects of climatic factors on tree growth were relatively small. [Conclusion] Tree
growth is largely depends on its own growth potential, which is mainly inhibited by competition and tree
size heterogeneity in the external environment, while increased species diversity also promotes the growth of
dominant species within the forest to some extent. The random forest model can well quantify and express

the complex relationship between the variables and BAI of individual tree. It can be used as a tool for forest

management practice and providing a new method for forest growth and yield prediction.

Key words: tree growth; tree size; competition; tree species diversity; random forest model
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®1 EHMERLZITR (1987)
Tab. 1 Statistical table of sample plot information (1987)

P THA/hm? Rl R | W W ol 2
Sample plot No. Area/ha Mean DBH/cm Altitude/m Slope aspect Slope degree/(°) Tree species composition
1 0.160 18.8 780 Rk Northeast 13 géiﬁ}% lljﬂ
2 0.250 22.0 650 PEF Southwest 28 :fzzp%;i&; ngL];pEI
3 0.360 159 750 7R3t Northeast 7 321?}%?% *
4 0.312 16.3 780 %4k Northeast 10 2;333})?})1&1”1;&
5 0.200 20.4 634 %Rt Northeast 26 ;éiﬂ;ﬁi‘@f

VE:P. L A2 Picea koraiensis; A. S.¥5 %% Abies nephrolepis; PK. LKA Pinus koraiensis; B. WM Betula costata; T. ¥# Tilia amurensis; BP. [
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*x2 HBARAFEESITER
Tab. 2 Statistics table of model factor attributes

el 5SS R/ME ISUNE] PHME
Category Factor Min. Max. Mean
AR A T Individual tree factor BA/(107™* m*) 9.62 2341.40 295.64
BAL/(m*ha™) 0 11.10 6.08
CI 0.23 26.28 2.73
4 HT C titive fact
FEF Competitive factor SDI 99.03 284.49 21433
BT Mortality rate/% 0 22 5.1
WA SN FEM: DIV_Size 2.44 2.87 2.67
Tree size diversity U 0 1 0.50
Z % Diversity
WRhZ REME DIV_SP 1.54 2.05 1.74
Tree species diversity M 0 1 0.67
IR
. Average annual temperature/ °C 1.89 6.25 3.02
S 4% Climate P -
G 393.90 735.38 588.15

Average annual rainfall/mm

7 BA. BRI S I A : BAL. KT X RORFIMRAR BT A 2 Fll; CL X SRR 5E 44520 SDI. ReinekefI#k 53 % BEFE40: DIV_Size. WA KN H:
s U K/ANEELG DIV_SP. MR PR 2 145 M. JBZE % . Notes: BA, basal area of individual tree; BAL, sum of basal area of forest tree that is greater
than the object trees; CI, competition index of object tree; SDI, stand density index of Reineke; DIV_Size, tree size diversity; U, dominance degree;

DIV_SP, tree species diversity of stand; M, mingling degree.
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Tab. 3 Statistical table of main tree species information

) s 8 T AR i = W T AR A K B/ (em?a™)
o} Fil KR BA/cm? BAl/(cm’-year ")

Tree species Number of plant  f5 /Mg wBAE CFME mME wBRE FIE

Min. q25 q50 q75 Max. Mean Min. 925 q50  q75 Max. Mean

BLAK Abies nephrolepis 2375 19.6  91.6 2433 4477 15623 3112 0 27 65 117 406 8.0
Z4% Picea koraiensis 1650 204  95.0 2405 5269 18704 346.1 0 20 65 148 487 9.6
41K Pinus koraiensis 898 9.6 594 1243 4119 23414 2938 0 15 42 116 476 8.1
W Tilia amurensis 661 128 1247 2645 481.1 16764 3373 0 1.1 32 74 365 5.0
WHME Betula costata 899 238 503 785 1183 1809.6 109.8 0 03 18 39 216 2.8
FME Betula platyphylla 420 283  172.0 268.8 4012 1764.6 346.1 0 42 78 134 377 9.2

VE: q25+ q50+ q75% BN R IU A E . HR AL BORT B DY 40 £7 #. Notes: q25, q50, and q75 are the lower quartiles, median, and the upper quartiles,

respectively.
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Tab. 4 10-fold blocked cross-validation results

FiFp Tree species mtry R*+SD RMSE + SD
RIS Abies nephrolepis 4 0.663 +£0.052  3.897 +0.263
=A% Picea koraiensis 4 0.683 £0.058 5.272 +0.445
2L Pinus koraiensis 4 0.695+0.064 5.067 +0.737
W Tilia amurensis 4 0459+0.069 3.969+0.294
WA Betula costata 2 0384+0.075 2.523+0.262
F#¢ Betula platyphylla 5 0.568+0.101 4.540+0.719

/I, LI DRI AT g A B v D T A A R B s R
FhAEAEBA 5K K RMSE.
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x5 RAFTFHEMNERNS

Tab. 5 Relative importance of model factors %

ESill ESi

Ry =t ARV e PAHE I

Abies Picea Pinus Tilia Betula Betula

Category Factor nephrolepis  koraiensis koraiensis amurensis costata platyphylla
R T
Individual tree factor BA 133 13.1 19.2 19.8 22.6 17.5
BAL 10.6 9.6 10.0 14.6 13.8 11.6
5 [T CI 12.6 10.1 11.4 5.8 8.0 10.2
Competitive factor SDI 8.3 9.3 8.5 10.6 7.0 14.0
BET-3 Mortality rate 8.9 8.2 4.8 10.6 6.7 9.7
WA RN BEM: DIV_Size 10.1 12.8 8.0 14.0 6.6 9.7
Tree size diversity U 6.8 9.0 11.4 7.4 10.8 5.1
Z FEPE Diversity
Py EA LY DIV_SP 8.5 7.8 6.0 5.5 7.1 7.4
Tree species diversity M 6.6 5.8 7.3 2.7 4.9 7.1
HF RN &
o MR 5.1 6.0 58 20 50 23
. verage annual rainfall
S Climate P
e 9.2 8.2 7.6 6.9 7.4 5.4

Average annual temperature
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