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Abstract Electrical pollution is a worldwide concern,

because it is potentially harmful to human health. Trees not

only play a significant role in moderating the climate, but

also can be used as shields against electrical pollution.

Shielding effects on the electric field strength under

transmission lines by two tree species, Populus alba and

Larix gmelinii, were examined in this study. The electrical

resistivity at different heights of trees was measured using

a PiCUS sonic tomograph, which can image the electrical

impedance for trees. The electric field strength around the

trees was measured with an elf field strength measurement

system, HI-3604, and combined with tree resistivity to

develop a model for calculating the electric field intensity

around trees using the finite element method. In addition,

the feasibility of the finite element method was confirmed

by comparing the calculated results and experimental data.

The results showed that the trees did reduce the electric

field strength. The electric field intensity was reduced by

95.6%, and P. alba was better than L. gmelinii at shielding.

Keywords Trees � Power transmission lines � Electric
environment � Tree electrical resistivity � Shielding � Finite
element method

Introduction

As the Chinese economy and industrialization rapidly

develops, urban consumption of electric it also increases

rapidly. Unfortunately, the existing Chinese power grid

structure cannot satisfy the power supply needed to sustain

this growth, and more transmission systems are needed (Hu

2006). Recent research showed that the frequency of the

electric field under transmission lines negatively influences

people’s nervous system and health (Farmer and Oman

1991; Greenland et al. 2000; Hakansson et al. 2005; Schuz

and Ahlbom 2008; McNamee et al. 2009; Barth et al. 2010;

Jong et al. 2012; Hasan et al. 2014; Costea et al. 2014;

Elmas 2016).

The power grid usually crosses areas that are rich in

vegetation or residential areas. Guo et al. (2014) investi-

gated the impact of plants around 110 kV transmission

lines on the strength of the power–frequency electric field

and distribution of the magnetic field, finding that the

plants distinctly contribute to reducing the power–fre-

quency electric field strength; large plants in particular can

weaken the electric field strength by more than 90%,

enough to effectively reduce the harm caused by an electric

field on human bodies. Hence, a deeper understanding of

tree electrical properties and the influence of different tree

species on electric fields should help prevent
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electromagnetic radiation from reaching human bodies and

serve as a reference for designing high voltage transmis-

sion lines through woods. Although many scholars in

China and other countries have studied electromagnetic

radiation under high voltage transmission lines, most of the

studies have focused on buildings and human bodies, rarely

on plants under the transmission lines.

Hagrey (2006) obtained a two-dimensional image of the

distribution of resistivity in a trunk cross section, and Bao

and Wang (2013), and Wang and Wang (2015) nonde-

structively measured tree resistivity. Sun et al. (2016)

studied the influence of trees’ dielectric constant on the

power–frequency electric field strength.

Wu et al. (2011) indicated that trees under transmission

lines played a part in reducing the electric field strength.

Guo et al. (2014) analyzed the power–frequency electric

field and the magnetic field of four sites with the same size

area under 110 kV transmission lines, including an area

without vegetation, a lawn, an area with shrubs, and an area

with tall trees, and concluded that the trees weakened the

electric field strength below the lines. Ismail and Alkandari

(2009) used a charge simulation method to explore the

effect of tree height and equivalent radius on electric field

shielding of the transmission line, but the conclusions of

these studies were based on the actual measurements or

calculation methods, that lacked a simulation model based

on actual measurements of tree resistivity and dielectric

constant. Therefore, the electric field strength of a certain

point around trees could not be obtained, nor could the

maximum electric field strength be located or measured.

We used field measurements and a finite element method to

analyze electric field intensity in a no-tree-area and tree-

area under the transmission lines for a coniferous and a

broad-leaf trees. The relationship between electric field

strength and distance between trees and transmission lines

is also discussed. The trees were found to weaken the effect

of trees on the electric field and demonstrates the

rationality of using the finite element method to study the

effect of trees on electric field strength under high-voltage

transmission lines.

Materials and methods

Tree resistivity

Larix gmelinii is one of the most widespread species in

northeastern China. Populus alba is commonly used in

horticulture, wood crafts and shelter forests in China. L.

gmelinii and P. alba growing under high voltage trans-

mission lines in the forest farm of Northeast Forestry

University were selected as the experimental material for

outdoor measurement.

A PiCUS (argus electronic gmbh, Rostock, Germany)

electrical resistance tomography imager was used to mea-

sure resistivity. The imager is an electrical impedance

testing instrument based on electrical resistance tomogra-

phy imaging (ERT) technology.

ERT technology uses current as the stimulus and voltage

as the measured variable. The measured stumpage was

connected to an alternating current through a pair of

electrodes, resulted in the changes of resistivity distribution

within the stumpage, and the voltage on the stumpage

periphery reflected the resistance changes would change as

well. According to the measured voltage of stumpage

periphery, using imaging algorithm, a 2-D resistivity dis-

tribution image of stumpage section can be obtained. ERT

technology as a kind of electrical resistance tomography

imaging (EIT) is widely used (Liu et al. 2014) to monitor

plant tuber and root growth (Amato et al. 2009; Dong

2015) and test trees nondestructively (Bao and Wang

2013). In the experiment, ERT technology was applied to

measure resistivity of trees (Fig. 1a).

The test tree trunk was divided into 12 equal parts along

the transverse direction, and electrodes were nailed into 12

equipartition points. Along the vertical direction, 2 m of

trunk was chosen and divided into 5 equal parts. So the

distance between each measuring point was 0.4 m. The

electrode was a stainless steel nail about 0.05 m long. To

ensure that the stainless steel nail penetrated the bark and

reached the wood, 2/3 of the nail was hammered into the

trunk. Sensors were installed on every electrode. For

avoiding interference from experiment instrument and

ensuring accuracy of the results, sensors were installed

sequentially.

An HI-3604 power–frequency electromagnetic field

measuring instrument (HOLADAYUSA) was used to test

the surrounding electromagnetic field strength of the

50/60 Hz power lines, electric equipment and facility, and

video display terminal. Using HI-3604 is convenient and

intuitive for determining the position of electromagnetic

field source and the strongest point of radiation. The single

probe at full measuring range can directly obtain the high

voltage transmission line field strength around the trees,

which is suitable for field measurements (Fig. 1b).

In the experiment, ground wire in the forest farm was

chosen as the starting point, then measurements of the

electric field strength were taken 10 m from the trees,

1.5 m above the ground in an area without trees and in the

area with P. alba. This process was then repeated in the

opposite direction, and the mean of the two measurements

were calculated.
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Transmission tower and tree variables

A total station (BTS-802E, boifgeo, China) and a mea-

suring tape were used to measure the height of the high

voltage transmission line, and the relative coordinates

between the trees and the subpoints of the power lines on

the ground and the two transmission towers. The total

station is a surveying and mapping system that uses an

electronic transit the odolite with a distance meter and

software to determine horizontal and vertical angles, dis-

tance (slope distance, horizontal distance), and elevation

differences with an accuracy to meet the demands of the

experiment.

In the actual measurement process, the total station

(Fig. 1c) and tape were utilized to measure the distance

between the transmission towers and trees and the eleva-

tion angle, dip angle and horizontal angle. The relative

position coordinates for the towers and trees can then be

calculated using trigonometric functions.

The relative coordinates of trees and power lines: In

(Fig. 2), O is the center point of tower 1 base, which is the

origin point. P is the center point of tower 2 base. T1 is the

coordinate of tree1 (L. gmelinii). T2 is the coordinate of

tree 2 (P. alba). Figure 3 shows the coordinates of each

hanging line.

Electric field strength simulation

Finite element method

The finite element method is a highly efficient and com-

monly used numeral technique to solve a functional

extremum problem instead of solving the given Poisson

equation. This method was initially introduced with the

development of variation principle, so it is used extensively

in different physical fields described by Laplace’s equation

and Poisson equation. In 1965, A.M. Winslow was the first

to apply the finite element method to solve electrical

engineering problems. In 1969, P.P. Silvester used it to

calculate the steady state solution of time-varying field.

The finite element, which is highly optimized for gen-

eral use, has a high calculation accuracy and the ability to

analyze and solve complex problems. The method is also

widely accepted for 3-dimensional electromagnetic field

analysis (Liao et al. 2004; Yamada et al. 2004; Titus 2002).

Because the electric field around trees under power–fre-

quency transmission lines is an electrostatic field, the

Fig. 1 Measuring resistivity of trees (a) and the space electric field around the trees (b) during the experiment and total station and transmission

tower (c)

Fig. 2 Relative position of trees and transmission lines. The point T1

and T2 are trees, the point P is the observer

Fig. 3 Cross section of transmission lines. According to Fig. 1, the

actual transmission line is measured to obtain the coordinates of each

transmission line A–H
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problem can be converted into a boundary integral equation

of boundary value problem, then simulated using finite

element method simulation (Lin et al. 2011; Simpson et al.

2012; Ren et al. 2014).

Setting parameters and modeling

Because the conductivity and the dielectric property of tree

is between conductor and insulator, the relative analysis of

a poor conductor such as construction, in the identical

experimental condition can be taken as a reference to study

the impact of trees on electric field strength.

The transmission lines are double circuit high voltage;

the voltage grade is 63 kV. Coordinates of the cross section

of each transmission line is calculated using data measured

by the total station. Figure 3 shows a schematic diagram,

where A–F are the coordinates of the six double circuit line

cross sections, G is the coordinate of the ground wire cross

section, and H is the coordinate of shielded wire cross

section.

The distribution of transmission lines and the size of the

tree model is determined by the measured data of full

station. Resistivity of the trunk is the actual measured

value, and the resistivity of the canopy is the average of the

measured values at 2 m above the ground. Data from the

literature (Sun et al. 2016) was applied in the analysis,

where the dielectric constant of tree, air and earth is 9, 1

and 10, respectively, and the resistivity of earth is 104 X�m
(Tian 2013). The models built by ANSYS MAXWELL

2015 are shown in Figs. 4 and 5.

Results

Trees resistivity

The two-dimensional resistivity distribution from different

heights (0 to 2 m) of the trees of L. gmelinii and P. alba

was obtained using the PiCUS tree electrical resistance

tomography imager (Fig. 6).

The weighted average is computed by proportion of

different colors in the two-dimensional diagram. Three

different colors, red, yellow and blue, are distinguished

from the diagram with image processing software. Then,

the different color areas were separate, and the acreage of

each area was calculated. Finally, the weighted average as

model parameters used in finite element analysis based on

the acreage acquired above was calculated. The average

resistivity of the two species at different height is shown in

Table 1.

Electric field strength under transmission lines

Using the methods mentioned above, we measured the

electric field strength at 1.5 m above the ground in the no-

tree area and the tree-area with the HI-3604 power–fre-

quency electromagnetic measuring instrument; the line

chart is shown in Fig. 7. The electric field strength was

reduced 95.6% by the trees. The line chart can also be

compared with the simulation curve to demonstrate the

usefulness of the finite element method.

Parameters of transmission towers and trees

The computational results calculated using the data

obtained above provided the values for the model simula-

tion using the finite element method. Heights of transmis-

sion towers and trees areas are shown in Table 2, and the

coordinates of the hanging lines are shown in Fig. 3. The

relative coordinates between transmission lines and trees

are shown in Table 3.

Simulation results

Finite element analysis software, ANSYS MAXWELL

2015, was used to build the computational model. Param-

eters in the simulation were set using the results calculated

above. After the analysis and calculation, a path in the

general post-process was defined as the same path used in

the actual measuring process, i.e., the projection of the

lightening protection wire was used as the starting point,

with the path 0–10 m toward the tree direction; the curve

graph of the electric field strength on the path was then

simulated. The curve graph well-matched the graph plot by

the actual data verifying the validity of the finite element

method. The electric field distribution around trees is

shown in Fig. 8. The curve of the electric field strength at

1.5 m from the ground is shown in Fig. 9.

Fig. 4 Whole model (a) and the relative position of transmission line

and tree (b). Purple represents the earth, and blue is the air, the black

dot represents the power line, and the yellow represents the tree
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Discussion and analysis

The resistivity values for L. gmelinii and P. alba showed

that they differed in their resistivity and that the resistivity

of the respective species differed depending on the height

above the ground. Generally, the resistivity of the trunk

decreased with an increase in height, consistent with the

findings of Wang (2005) and Chen et al. (2010). Such

differences can be due to many reasons, but the moisture

content is one of the most significant factors (Hagrey

2006). The apparent rise in resistivity for P. alba at 0.8 m

above the ground is probably due to an internal defect of

the trunk (Wang and Wang 2015).

Field strength changes indicate that trees have a positive

impact on the reduction of electric field strength, and the

electric field strength was weakened by 95.6% at 1.5 m

above the ground. Regarding the projection of the ground

wire as 0 m, at 1.5 m above the ground in the area of

Fig. 5 Models of Larix

gmelinii and Populus alba under

high voltage transmission lines

Fig. 6 Resistivity distribution for Larix gmelinii (a) and Populus alba (b) at 80 cm from the ground
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0–10 m, the field strength of the 63 kV double circuit

transmission lines first increased, then declined.

The contrast between the actual measured curve and the

simulation curve demonstrated that the two tree species

differed in their ability to reduce the electric field strength

under the high voltage transmission lines, and P. alba was

better. In the no-tree area, the electric field strength was

higher closer to the lines then decreased farther away,

matching the simulated trend. From 0 to 4 m from the

lines, on account of the tree shield effect, the field strength

is low. From 4 to 4.2 m, the measurement path crossed

through the tree, so the value equals to the electric field

strength inside the trunk, which is 0. From 4.2 to 10 m, as

the distance increases, the reduction lessens, but is still

better than in areas without trees as predicted by the sim-

ulation. The change in the electric field strength of L.

gmelinii and P. alba was similar. Due to the influence of

environment factors, such as the surrounding trees, tem-

perature, and moisture, the simulation model differed from

the actual values, but the error is tolerant. Resistivity and

permittivity are important variables that reflect electrical

characteristics of trees, and the simulation model proved

the feasibility of using the finite element method to study

the effect of trees on electric field strength under high

voltage transmission lines.

Table 1 Average resistivity of Larix gmelinii and Populus alba trunk

at different heights

Height (m) Larix gmelinii Populus alba

Resistivity (X�m) Resistivity (X�m)

0.4 701.3 467.13

0.8 597.64 1576.7

1.2 484.29 433.68

1.6 293.06 134.07

2 246.17 84.94

Fig. 7 Electric field strength below the transmission lines in the area

with no trees and with trees

Table 2 Heights of trees and towers

Project Tower 1 Tower 2 Total height of tree 1 Height of tree trunk 1 Total height of tree 2 Height of tree trunk 2

H (m) 25.00 25.00 6.94 2.67 8.68 2.47

Table 3 Relative coordinates

of trees and towers
Point O (Tower1) P (Tower 2) T1 (tree 1) T2 (tree 2)

Coordinates (m) (0, 0) (156.154, 0) (44.030, 4.082) (94.547, 4.046)

Fig. 8 Electric field distribution in the area without trees and around trees of each species. The color scale below the map shows the field

strength (V�m-1)
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Conclusion

Finite element method is suitable for analyzing and pre-

dicting the reductive impact of trees on the electric field

strength under high voltage transmission lines.

The resistivity differed between the two species differs

and decreased with increasing height of the trunk for each

species.

With the ground wire set as 0 m, on 1.5 m above the

ground at 0–10 m from the 63 kV double circuit trans-

mission lines, the field strength first is increased, then

declined.

The simulation results using finite element analysis and

the actual values were similar enough to support the fea-

sibility of using this method to study the effect of trees on

electric field strength under high voltage transmission lines.

According to the simulation, the electric field intensity was

reduced by 95.6% at 1.5 m above the ground by trees, and

P. alba was better than L. gmelinii at reducing the intensity.

Hence, planting a large arbor, such as P. alba, in

transmission line corridors and residential areas can

effectively reduce the electric field strength under trans-

mission lines and prevent any harm caused by a power–

frequency electric field. Planting large trees will also

beautify and improve the environment, and promote har-

mony between socioeconomic development and environ-

mental protection.
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