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Highway tunnel is a kind of road form in municipal engineering. In the past design, more attention was paid to the 

optimization of line type, the comparison of sections, and the way of construction. However, little research on the 

impact of urban tunnels on surrounding environment and urban landscape was made. At present, the disorderly 

expansion of road landscape aggravates the fragmentation of habitat, hinders the process of biological circulation 

and impairs the ecosystem service function. Based on the stress of road landscape, the environmental art design of 

highway tunnels is helpful to reveal the impact of environmental art design on key ecological processes and 

optimize the regional ecological security pattern. The principles and methods of environmental art design for 

highway tunnels in this paper. 

Road Landscape Stress; Road Tunnel; Environment; Art Design 

Ⅰ Introduction 
With the increasing burden of traffic system, inefficient operation of road network in highway tunnel has become 
a thorny problem in highway construction. The practice of blindly widening the original road is facing great 
difficulties in economic and practical operation, and optimizing the highway tunnel system is undoubtedly an 
effective means to solve the problem of highway traffic. Among them, many advantages of highway tunnel make 
it become a new development hotspot of current road system organization. However, with the rapid development 
of highway tunnel engineering, a large number of urgent problems have emerged. In addition to engineering 
problems, landscape problems are particularly prominent. Many highway tunnel projects are immature in 
landscape treatment technology, especially the lack of effective landscape design, which makes these tunnel 
projects a major failure of highway image, and also makes many people question the rationality of highway 
tunnel design. It is believed that the emergence of highway tunnel destroys the orderliness and continuity of 
highway road interface. However, the problem lies not in the highway tunnel itself, but in the lack of awareness 
of highway landscape and corresponding environmental art treatment methods. Therefore, this paper intends to 
identify highway high-density gathering areas by means of nuclear density estimation, and discuss the 
environmental art techniques of highway tunnel. At present, relevant scholars have studied the rational planning 
and design of highway ecological landscape, and obtained some research results. 
Xiaorui Geng published an article entitled “Rational Planning and Design of Rural Road Ecological Landscape 
from Low Carbon Perspective” in the Journal of Ekoloji Issue 107 in 2009. This paper aims at the existing 
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problems in the development of rural road landscape ecology, and studies the methods of rural road ecological 
landscape planning from the perspective of low carbon. In the planning and design of rural highway ecological 
environment landscape from the perspective of low carbon, the spiral model is used to construct the framework 
system and design process of rural highway ecological environment landscape. At the same time, the 
three-dimensional simulation technology is used for landscape planning to complete the reasonable planning of 
rural road ecological environment landscape from the perspective of low carbon. Analytic hierarchy processes 
(AHP) and comprehensive evaluation index are used to evaluate the planning effect of the method. The results 
show that the natural and diversity of the ecological environment landscape of the rural road are better, and the 
shape, scarcity, stability and suitability of the soil are better. The validity of the method is verified. However, the 
method does not consider other environmental conditions, so the design method still has room for improvement. 
In Literature, psychophysical experiments were used to analyze the influence of visual environment inside 
highway tunnels on driver’s driving safety (Zheng etal. 2017). Combining the E-prime 2.0 software with driving 
simulator, two indicators of the speed judgment accuracy and reaction time during long-term driving in tunnels 
were analyzed. Improvement measures for constructing rhythmic marking system in highway tunnels by using 
marking lines were put forward. In order to improve the visual environment in the tunnel, the design scheme was 
evaluated by mathematical statistics and logistic fitting analysis. The experimental results show that the rhythmic 
marking system in highway tunnel can improve the speed judgment accuracy of drivers in the tunnel. In general 
highway tunnel scenarios, there is a significant relationship between reaction time and driving time. In the 
scenario of rhythmic marking system in highway tunnel, there is no significant relationship between reaction time 
and driving time in tunnel, which can effectively alleviate visual fatigue. In Literature (Du etal. 2018),in order to 
solve the contradiction between lighting energy saving and traffic safety in highway tunnel light environment, 
based on the analysis of highway tunnel light environment problems and the summary of existing methods for 
improving highway tunnel light environment, simple ranking method is adopted to guide sight, protect facilities, 
anti-skid facilities, shading facilities and strengthen lighting in five highway tunnels from the aspects of economy, 
durability and ease of construction. The road environment improvement methods are compared and the driver 
safety requirements of highway tunnel are analyzed according to the accident causes. The results show that 
line-of-sight guidance system is the preferred method to optimize the light environment of highway tunnel, which 
can reconstruct the visual reference system of highway tunnel; in tunnel section, line-of-sight guidance system 
can effectively control driver’s visual illusion, satisfy driver's safety needs, reduce bad driving behavior and 
traffic accidents; driver’s safety sense can be divided into speed sense, distance sense, direction sense and 
position sense, and make use of reversal. (Gullu et al., 2015)The multi-frequency, multi-size, multi-shape and 
multi-color road tunnel safety visual reference system constructed by the reflex sight guidance facility can 
enhance the local brightness and contrast in the tunnel, and enhance the driver's sense of speed, distance, direction 
and position. However, the above methods do not take into account the environmental conditions of road stress. 
In view of this phenomenon, this paper puts forward the environmental art design of highway tunnel under road 
landscape stress. 

Ⅱ Idea Description 
Highway tunnel, as a typical artificial landscape, provides convenience for human transportation, transportation, 
travel and other activities, but at the same time, it seriously interferes with the natural ecosystem (Du etal. 2017). 
Artificial landscape is expanding and eroding to natural landscape. Habitat fragmentation and sharp decline of 
biodiversity are becoming increasingly prominent. Aiming at these problems, based on the principle of mutual 
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feedback between landscape pattern and ecological process, an integrated and multi-functional ecological network 
is formed by effectively connecting fragmented habitat planning, which is helpful to improve ecosystem service 
function and optimize ecological security pattern (Huang 2018). This study identifies the disturbance degree of 
road landscape to natural habitat by extracting road aggregation degree, and explores how to carry out 
environmental art design of highway tunnel under road landscape stress, which provides reference for the 
construction and optimization of environmental ecological security pattern of highway tunnel under rapid 
economic and social development. 
At present, there are two main ways to measure the density of highway tunnels: 
(1) Calculating the length of highway tunnel in unit grid or administrative area, the density level depends on the 
area of grid unit and the length of highway tunnel; 
(2) Extracting the density of highway tunnels based on nuclear density estimation. The density level depends on 
the bandwidth and the number of highway tunnels. Because the density value results depend on the area of the 
evaluation unit, and the size of the units in each study is different, there is no uniform threshold as a standard to 
define the density of highway tunnel. (Ganjeh et al., 2017)According to the method of density classification by 
natural fault zone method to identify the high density area of highway tunnel, this paper defines the high density 
area of highway tunnel as the area where the density value of the category is higher than the average level of the 
whole area after the calculation and classification of road density. Kernel density estimation is an effective method 
to measure the spatial distribution density of objects, and it is suitable for spatial clustering core recognition. In this 
paper, RP kernel estimation is used to identify high-density areas of highway and rural roads. Formulas such as (1): 







 

h
xxk i is the kernel function; h  is the bandwidth; the distance ixx  between x  estimation point and

ix  measurement point is determined by the kernel function and bandwidth h . The nuclear density of highway

tunnel is estimated by setting the bandwidth in advance and calculating the number of roads in the range. The 
larger the bandwidth value is, the more helpful it is to identify the core aggregation area, but it is not conducive to 
distinguish the density level of each target point; the smaller the bandwidth value is, the more uneven the density 
surface is, which is conducive to distinguish the density level of each point, but it is not able to identify the core 
aggregation area. Therefore, it is very important to select the appropriate bandwidth (Songand He 2018). In this 
paper, two indicators are introduced: the proportion of core area and the coefficient of variation of nuclear density 
results, which represent the size of core area and the degree of spatial differentiation of highway tunnel 
aggregation. The optimum bandwidth distance is determined by the formula 2-3. 
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density is graded by n by natural breaking zone method; vC  is the coefficient of variation, which is usually 

used to judge the degree of data dispersion. In this study, P  is used to reflect the spatial differentiation of the
degree of aggregation of highway tunnels,   and   are used to represent the standard deviation and mean of

density value respectively. In order to ensure that the P  and vC  values can maximize at the same bandwidth, 

the product is calculated after 0-1 standardization, and the bandwidth corresponding to the maximum product is 
the optimal bandwidth. 
Usually, the larger the area of habitat patches, the more abundant the material energy that can be provided for 
organisms, and the higher the biodiversity. Referring to the relevant research, the area threshold is determined 
according to the change of the proportion of accumulated area of source land, which is used as a preliminary 
screening criterion.(Rawat;Singh, 2018) Considering that dense traffic network splits natural landscape such as 
forest and grassland into several fragmented habitat patches, landscape fragmentation, ecological environment 
destruction and traffic safety threats will seriously interfere with the activities of species’ habitat, reproduction 
and migration, and reduce the ecological service function of the source area, the results of nuclear density of 
highway tunnels and rural roads will be based on the spatial aggregation of highway tunnels. Weight 
accumulation, referring to relevant research, the high-value area of the first two grades is selected as the 
high-density area of highway tunnel after the density value is divided into five grades. The habitats located in this 
area were removed from the primary screening alternative sources, and the remaining habitat patches far away 
from the disturbance of the road core area were taken as the final ecological sources. 
Ⅲ Results 

When identifying highway density in high-density area, the bandwidth threshold is set to 100-1500m, and 
the interval is 100m, so as to get the best bandwidth. With the increase of bandwidth, the coefficient of variation 
of road density decreases gradually, but the proportion of core area increases gradually. The reasons are as 
follows: when the bandwidth is small, the number of roads included in the calculation is small, the patch density 
within and outside the bandwidth radius is different, so the density level varies significantly; when the bandwidth 
increases, the number of roads included in the calculation increases, forming a certain space scale. Because the 
internal density level is gradient, the difference degree decreases and the core area increases. The calculation 

shows that when the bandwidth is 700 m, the product of P  and
vC  is the largest, which indicates that the

highway has formed a stress buffer with a certain radiation range at this distance, and the road density of patches 
varies greatly, which can better reflect the degree of differentiation of patches under road stress in different 
habitats. Therefore, 700 m is the ideal bandwidth for estimating the nuclear density of highway. Compared with 
highways, the core area of rural roads reaches the lowest when the bandwidth is 900 m, and then increases 
gradually. The main reason is that the number of rural roads is large and the distribution is dense. With the 
increase of bandwidth, the original core areas merge into new core areas, and the coverage decreases. However, 
as the bandwidth continues to increase, the P  value will gradually increase. When the bandwidth is 1500m, the

product of P and
vC  is the largest, so 1500m is the ideal bandwidth for estimating the nuclear density of rural

roads. The results of nuclear density estimation for highway tunnel and rural road tunnel are superimposed as 
shown in Figure 1. According to statistics, the average road density is 3.93, the standard deviation is 2.61, the 
road density is 7.34-25.64 in urban central area, and the level of road stress and interference is the highest in the 
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whole area. The road density in port area can reach 9.58. Because the road network in this area is close to the 
middle beach wetland, frequent human activities threaten the structure of wetland landscape. The first two levels 
of high road density area are regarded as high road density area, which mainly distributes in the central urban 
area, northeast and port area of the study area. The area ratio is 8.21%, and it is used as the target area of 
resistance assignment correction. 

Fig. 1 Classification of road density 
Ⅳ Discussion 
In this study, the environmental art design of highway tunnels under road stress is completed by using nuclear 
density estimation to identify high-density road aggregation areas. The main conclusions are as follows: 
(1) Natural habitats in high-density areas face higher risk of road landscape stress. 
(2) Road landscape stress leads to a significant increase in energy consumption for bio-migration, which further 
affects the spatial pattern of key ecological processes in ecosystems. 
(3) In the process of environmental planning of highway tunnel, quantifying the impact of road density and other 
important ecological sensitivity factors on resistance surface assignment and ecological structure is helpful to 
identify the impact of human disturbance on ecological process, understand the driving mechanism of landscape 
pattern change, and provide effective support for the construction of regional ecological security pattern. 
V Conclusion 
Based on the theories of landscape ecology and road ecology, this study set up a variety of resistance scenarios to 
carry out environmental art design of highway tunnels based on the idea of control variable method, effectively 
showing the spatial pattern changes of environmental art under the stress of road landscape. However, the 
increase of ecological migration resistance is not the only result of road landscape stress. The structural integrity 
and functional diversity of habitats may also be destroyed, which will affect the effectiveness of source selection 
in planning. In this study, only small-scale habitat patches in high-density areas of roads were removed, and the 
risk level of stress was insufficient to identify. Therefore, exploring the changing law of key ecological processes 
under human disturbance may have some limitations. In the future, habitats can be included in the suitability 
evaluation of protective sources, simulation experiments of multi-source selection and multi-resistance scenario 
construction model can be established to provide support and reference for the identification, construction and 
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optimization of regional ecological security pattern. 
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