IOP Conference Series: Earth and
Environmental Science

PAPER « OPEN ACCESS You may also like

. - Simulation Model of Replanting Eucalyptus
Study on wind damage grade model for eucalyptus ko, et

Nurhayati Sembiring, Humala Lodewijk

planta‘uon |n GuangXL Ch|na Napitupulu and Meilita Tryana Sembiring

- Eulfilling Eucalyptus raw materials for pulp

5 . . L. . i i and paper production plants
To cite this article: Ruigiang Ni et al 2021 IOP Conf. Ser.: Earth Environ. Sci. 791 012194 N Sembiring, H L Napitupulu, M T

Sembiring et al.

- Simulation for replanting eucalyptus: A
review
Nurhayati Sembiring and Humala Lodewijk

View the article online for updates and enhancements. Napitupulu

@ = DISCOVER

how sustainability

The : ' : intersects with
Electrochemical ¢ ]
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 3.147.51.191 on 21/05/2024 at 18:12


https://doi.org/10.1088/1755-1315/791/1/012194
https://iopscience.iop.org/article/10.1088/1757-899X/1003/1/012040
https://iopscience.iop.org/article/10.1088/1757-899X/1003/1/012040
https://iopscience.iop.org/article/10.1088/1755-1315/912/1/012008
https://iopscience.iop.org/article/10.1088/1755-1315/912/1/012008
https://iopscience.iop.org/article/10.1088/1757-899X/1122/1/012051
https://iopscience.iop.org/article/10.1088/1757-899X/1122/1/012051
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjstoQIy1uKlgnq-x3MoVgVNHylndicZZL8wvX2VtsaAGiZ_kSbIp0SmO76JMPLMraFcdGPiaqZDxYXekEmDI10aD31-zM6eFmN-Ob-TJ-uOIEQXgvdnk3PJM6Gft8YUCIVwzXkRABO-GV8ZGLqmoUrOYP2A6XwHHLGBG2YZl8OHNTqPR7bMd5LfV-CDShGljBJZRB7AKaSO_VTsOwKZuyCRmZRd9x8_yqXmn8jNFZNJ-TxCkQsIKin3_XPIsJqBHxzKvsGMZ69fnuqLtFFuRLIvMMTBrNcb7daMAk64KPZacnVExCYoDV69HaxHD376zeSvPCifMQlaykrX1LmFm0-qbc0NH5n_-&sig=Cg0ArKJSzLLzUYpvoB49&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

ACCESE 2021 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 791 (2021) 012194  doi:10.1088/1755-1315/791/1/012194

Study on wind damage grade model for eucalyptus plantation
in Guangxi, China

Ruiqiang Ni*, Tingran Wang, Xiaorui Qin, Xiyue Zhao, Ming Hao, Fadian Lu"
College of Forestry, Shandong Agricultural University, Tai’an, 271000, China

*Corresponding author’s e-mail: 1fd@sdau.edu.cn or nrq@sdau.edu.cn

Abstract. Wind damage is one of the dominant natural disasters that have the greatest impact on
the growth of plantations. However, little attention has been paid to the wind damage grade
model. Based on eucalyptus plantations from national forest inventory data and field
investigations in Guangxi, ten significant factors that are susceptible to wind damage were
selected to perform multiple linear regression analysis on wind damage grade model. Through
assessing the level of wind damage based on forest characteristic and site conditions, we aimed
to reduce the loss of economic benefits caused by wind damage. The results showed that the age
group of eucalyptus trees, slope, soil thickness, management grade, and total vegetation coverage
had significant effects on the wind damage of eucalyptus trees in this area. Therefore, it is
necessary to protect the vegetation coverage of forest land and to strengthen the management of
forest land to improve the wind resistance of eucalyptus forests in the future.

1. Introduction

The continuous development of the social economy has led to a substantial increase in the demand for
wood, which has led to an increasingly prominent contradiction between wood supply and demand.
Many countries have highlighted the development of plantation forests to solve this problem [1].
Plantation forests or planted forests are cultivated forest ecosystems established by planting or seeding
or both in the process of afforestation and reforestation, primarily for wood biomass production but also
for soil and water conservation or wind protection [2]. Their importance is rapidly increasing as
countries move to establish sustainable sources of wood fiber to meet the increasing demand for wood
pulp and energy [3].

Among the various plantation tree species, due to their high wood value, strong adaptability and high
economic benefits, eucalyptus is favored and widely planted in Yunnan, Guangxi, Guangdong and other
suitable planting regions in China. Until 2016, the planting area of eucalyptus has reached 3.68 million
hectares [4]. However, in the process of planting plantation, the phenomenon of soil fertility decline,
economic benefit decline caused by multiple generations of continuous harvesting, as well as
susceptibility to damage caused by natural disasters have attracted extensive research by many scholars
[5-10]. Eucalyptus is often affected by natural disasters such as forest fires, wind disasters, floods, and
the damage to forest growth is immeasurable [11]. In particular, wind damage is one of the dominant
natural disasters that have the greatest impact on the growth of plantations.

In recent years, global climate prediction models have shown that wind disasters exhibit an increasing
trend in frequency and intensity. Wind can cause damage to trees such as broken branches, bent branches,
and uprooted roots. Furthermore, broken trees can cause damage to buildings, casualties, increase
cleaning expenses, and cause diseases and insect pests. As a result, directly or indirectly caused wood
losses of up to millions of cubic meters. Therefore, it is extremely urgent to conduct a comprehensive
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risk assessment of fast-growing and high-yield forests that are vulnerable to wind damage and propose
corresponding preventive measures.

Although there are many researches on wind damages to eucalyptus trees in Guangxi, most of them
are based on the action principle of wind on plantations, or qualitatively describe wind damage risks.
Few researchers reported them in a quantitative way. Therefore, this study selected eucalyptus
plantations in Guangxi as the research object and used multiple linear regression to establish a wind
damage rating model for eucalyptus plantations. The proposed model can be used as a guideline for
farmers’ planting directions, so that when eucalyptus is planted, wind damage to trees can be prevented
according to natural conditions to ensure the reasonable production of trees.

2. Materials and methods

2.1. Study site:

Based on the 533 standard plots of eucalyptus forests set up in Guangxi national forest inventory in 2015,
all the sample plots are 20mx30m in sizes. The plots cover the main site types in the region, and the
number of samples and distribution points are sufficiently representative.

2.2. Statistical method:

Ten factor that have an impact on wind damage were selected and standardized, including age group,
altitude, aspect, slope position, slope, soil thickness, canopy closure, management level, total vegetation
coverage, tree height. The evaluation standard values of wind damage factors and wind damage levels
are shown in Table 1.

A multiple linear regression method was used to establish a model between the wind damage level
and the 10 most relevant factors (Formula 1). Among them, Y is wind damage grade, X;, X5, X;...Xx are
independent variables, S, £, B2 Pk are parameters, namely regression coefficients; & is the number of
explanatory variables; n is the sample size. Wind damage level Y was chosen as the dependent variable
and the impact factor (normalized treatment) as the independent variable. Through stepwise regression,
the model based on the lowest AIC value is the optimal wind damage level model.

Y=p00+piX1+ 2 X2+ B3 X34+ pXi(1=1,2,--,n) (1)

According to the ten selected factors affecting wind damage, the grade coefficients of age group,
slope position, slope, canopy closure, soil thickness, management grade (Table 2), and total vegetation
coverage of eucalyptus according to the grade table, and bring the grade coefficient into the above
formula (1), we can get the wind damage grade model of eucalyptus.

Table 1. Impact factors on wind damage for Eucalyptus

Factors 1 2 3 4 5 6 7 8 9

Soil thickness/cm

6074 75-89 90-104 105-119  120-134  135-149 / / /
Canopy closure/% 20-30 31-41 42-52 53-63 64-74 75-85 / / /
Total vegetation 35-46 47-58 59-70 71-82 83-94 95-106 / / /
coverage
Tree height/cm 40-63  64-87 88-111 112135 136-159  160-183 / / /
Age group/year <5 5-10 11-15 16-25 >26 / / / /
Altitude/m 5160 161-316  317-472  473-628  629-784  785-940 / / /
Aspect North  Northeast East Southeast South  Southwest West  Northwest  None
Slope position ridge top middle bottom valley Flat / / /
Slope/®
0-7 8-15 16-23 2431 32-39 40-47 / / /
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Table 2. Evaluation of forest management grade

Management

Assessment of forest management Grade
level
The management measures are correct and timely, the management intensity is
Excellent appropriate, and the productivity and quality of the forest stand will be improved after 1
management.
The management measures were correct, timely, and the management intensity was
medium acceptable. After the management, the productivity and quality of the forest stand 2
improved.
worst Manag'erpent measures are not carried out in time or management is rarely (;arr.ied out,
the productivity of the forest stands has not been brought into play, and the quality is poor.
Table 3. Evaluation of wind damage grade
Wind damage grade Wind damage Level Assessment criteria for wind damage
1 No wind damage number of damaged trees is less than 10%
2 Light wind damage number of damaged trees is 10~29%
3 Moderate wind damage number of damaged trees is 30~59%
4 Severe wind damage number of damaged trees is more than 60%

3. Results and discussion
The results of stepwise regression model showed that the best wind damage model of eucalyptus is:
Y=0.2061X-0.5213X,+0.2890X3-0.2847X4-0.1312X5+4.1966 2)
Y is eucalyptus wind damage grade, X; is slope, X is age group, X3 is management grade, X4 is soil
thickness; Xs is total vegetation coverage. The eucalyptus wind damage rating model is shown in Table
4. The constant term, age group factor, slope factor, soil thickness factor, management grade, and total
vegetation coverage factor have significant effects on wind damage of eucalyptus. This combination has
the lowest AIC value of -90.05. The adjusted R square of the model is 0.8527, and a p-value < 2.2¢-16,
which satisfies the requirements of fitting accuracy and has an excellent goodness of fit.

Table 4. Grade of wind damage on Eucalyptus

Coefficients Estimate  Std.Error t Value Pr>|t|
(Intercept) 4.19663  0.36562 11.478  5.46e-16***
Slope 0.20612  0.06154 3.349 0.0015%*
Age class -0.52127  0.06526 -7.988  1.17e-10***
Management grade  0.28896  0.11773 2.454 0.0174*
Soil depth -0.28466  0.06341 -4.489  3.89e-05%**
Vegetation cover  -0.13118  0.05555 -2.361 0.0219*

Eucalyptus is a shallow-rooted tree species, the root system is shallower and finer, the main root is
not obvious, the lateral root growth is not strong, and it does not grow into the deep soil. As a result, the
growth of eucalyptus plants above and below ground is unbalanced, top-heavy, which is more apparent
in the young forest stage. If it is shaken by a strong wind, it is very prone to fall down, which will cause
significant losses to the eucalyptus planting economy. Many studies have shown that wind damage
mainly occurs in eucalyptus forests of 1-2 years old.

When other factors are the same, the slope is directly proportional to the level of wind damage, which
means that the greater the slope is, the greater level of wind damage occurs. The reason is that the steeper
slope tends to produce more serious soil erosion, and less surface soil and weaker adhesion of the root
system leads to more serious wind damage. While when other factors are the same, the soil thickness is
inversely proportional to the wind damage level, which means that the greater the soil thickness has the
lower the wind damage level. The greater thickness of the soil contains more organic matter. Thus, more
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nutrients needed for plant growth promote the growth of trees and the enhanced ability to resist wind
damage.

4. Conclusion

The advantage of this study lies in using multiple linear regression methods, combining frequent wind
damage factors with national forest inventory data for quantitative research, and deriving the most
appropriate and realistic model. When planting eucalyptus, pay attention to the place where the slope is
as small as possible, and the soil thickness is thicker and the total vegetation coverage is large, to avoid
the risks caused by wind damage. With proper soil preparation methods, scientific fertilizer operations,
careful cultivation and management, it is expected to increase yields and better economic benefits.
Therefore, it is necessary to protect the vegetation coverage of forest land and strengthen the
management of forest land to improve the wind resistance of eucalyptus forests in the future
management.
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