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Abstract. Nowadays, with the development of modern society, it has been more and more difficult
for us to see the stars at night[1]. What shaded them? The answer isthe “evil light” --light pollution.
According to the study, light pollution not only harms people's physical health but also their mental
health. To solve this problem[2], a model was created to classify and mark the level of light pollution
in any place in the world. Its essence is a deterministic dynamic linear discrete model. This paper
first studied different kinds of formula related to the treatment on soil and water. Then this paper
compared the characteristics of the light pollution with them and found the differences and similarities
which can improve our formula. Finally, to get a obtain a widely applicable index system, a linear
weight formula was created, which is for light pollution only. Besides, created the optical intrusion
formula and the average glare intensity formula. After comparing with the linear weight formula, the
paper choosen the linear weight formula for its flexibility and wide use. Secondly, to make the model
more accuracy, the paper selected factors that have strong impact on the light pollution. There are
too many factors that can influence the light pollution, though some of them only take a little part in.
The paper used the Topsis and factor analysis to find out the factors and their weights. Then this
paper developed a scoring system based on the data provided by government. Finally, after
searching the data for 57 protected areas, 67 rural communities, 64 suburban communities and 76
urban communities and applying them to the model and calculating, we got the final degree for each
samples. And the average marks for each kind of place are0.83,0.69,0.51and0.18(preserve two
decimal places). The results are very close to the reality and we used the optical imaging to help you
better understand them.
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1. Introduction

In the world, light pollution is generally divided into three categories, white light pollution,
artificial light pollution and color light pollution[3].

White light pollution refers to when the sun shines strongly, the decoration of the buildings in the
city reflects the light, which makes the buildings bright and dazzling. Artificial light pollution refers
to the dazzling display of advertising lights and neon lights on shopping malls and hotels after
nightfall. In the "sleepless city", it is difficult for people to fall asleep at night, which disturbs the
body's normal biological clock and leads to low work efficiency during the day. Artificial daylight
can also harm birds and insects. Color light pollution refers to some places similar to night clubs, bars
and other places with a variety of color light sources. In general, the ultraviolet rays produced by the
light in such places are many times stronger than those from the sun. Prolonged exposure to such light
can cause dizziness and even illness.

To solve this problem, different countries have introduced relevant regulations[4]. Especially an
organization called CIE(Commission International de I"Eclairage)has made very strict regulations.
In addition to CIE, Australia limits glare from lamps by means of threshold increment. Other countries
have adopted legislation, policies and other means to prevent and control light pollution. Light
pollution is caused by many reasons, and the degree of light pollution is different in different areas.
At the same time, legislators need to consider the effect of policies on other aspects. Such as security,
economy, etc. Therefore, the assessment of the risk level of light pollution and the choice of strategies
have been puzzling the whole world.
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2. Light Pollution Risk Rating Model

2.1. Calculation formula of light pollution risk level

To develop a model for rating light pollution risk levels, we first need a scoring system. Looking
up information on the Internet, we learned the single pollution index method. The single pollution
index method is to analyze and evaluate the single index item by item through the evaluation criteria.
Through index calculation, the largest category of ea>ch factor is selected as the overall evaluation
result of the sample. The formula is as follows:

= (1)

Pi is the relative pollution value of the factor i; Ci is the measured concentration value of factor i;
Si is the evaluation standard value of the ith factor.

However, when we select the corresponding value for calculation, we find that the corresponding
concept of this method is very vague. Light pollution can be generalized in many vague terms, but to
do so defeats our purpose. In fact, this method is more useful in studying seawater or soil pollution,
because there is no need to examine where the pollution comes from. So, we made an improvement
and got the linear weight formula as follows:

LPI=LixWi )

LPi refers to light pollution risk level at position I.Li refers to Artificial light intensity at factor i
and its unit is Ix(lux). Wi refers to The weight factor of factor i.

In this formula, we can clearly see what determines the level of light pollution in an area. But the
Wi still has problems.

Besides,we have other ways to calculate the light pollution. That’s the optical intrusion formula.
The formula is as follows:

g
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LIi refers to optical intrusion value at position i.wi refers to the weight of i.n is the number of
corresponding sampling point.

Moreover, the average glare intensity formula can also help calculate the light pollution. The
formula is as follows:

& (4)
pr =1 > L
I =1

PI refers to the average of glare. Lj refers to the glare intensity at position j.n refers to the number
of samples.

However, after our further study of these three formulas, we found out that the optical intrusion
formula and the average glare intensity formula can not be widely used. That’s because their standard
for data is too high and most countries won’t make survey on them.

Therefore, we finally decide to use the linear weight formula.

Now our problem is how to identify the Wi.

2.2. Further differentiation of Wi

We have got the formula above to help us calculate the risk level of light pollution. However, we
are still not satisfied with the definition of Wi. So we made a further study on it and got the formula
as follows:
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Wi = Wik + Winh) x Wp x Wc (5)

The notations in the formula are already covered in the Notation section. However, in order to
make the model more broadly applicable to different regions, we have elaborated it more precisely.

Wih is a weighting factor of human concern, which considers the negative effects of light pollution
on human health and safety. It is marked between 0 and 1.

Winh is a weighting factor for non-human concerns, which considers the negative effects of light
pollution on wildlife, ecosystems and the night sky. It is marked between 0 and 1 either.

Wp is a weighting factor for population density, which takes into account the number of people
living in a given area, measured on a scale of 0 to 1. A higher Wp indicates a higher priority for
reducing light pollution in populated areas.

Wc is a weighting factor for community types that takes into account the different impacts and
needs of urban, suburban and rural communities, measured on a scale of 0 to 1. A higher Wc indicates
a higher priority for light pollution mitigation in urban areas.

The specific values of li, Wih, Winh, Wp and Wc can be determined through surveys,
measurements and expert opinions by stakeholders and local communities. The resulting light
pollution risk levels can be used to guide intervention strategies and prioritize mitigation measures
for more sustainable and healthy use of artificial light in different locations.

In this paper, the specific weight factor contains items as below:

Wih: Curtain wall material, area spacing, light color, road network planning intensity and direction
of ground lighting types, distance of street lamps from residential exterior walls, industrial pattern,
length of light poles, building form, proportion of on-beam light, light source flicker, illuminance,
illumination time, glare level, light intrusion, street lamp height, location height and density of
buildings and roads, GDP  and average life[6].

Winh: Terrain, light pole length, upper light ratio, light source scintillation, illumination,
illumination time, glare level, light intrusion, zenith brightness, biological species[7][8].

Wp and Wc are decided by the locations. So it’s hard and unnecessary to measure it through special
items. We could use a photo to conclude it(Figure 1):
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Figure 1. Further differentiation of Wi

2.3. The weight of different influencing factors&calculation

Once we know what formula the model uses, we can put the target into the model. But before we
do that, we need to categorize the contributing factors. For different regions, its influence factors are
also different. At the same time, the weight of influencing factors is also different. The accuracy of
the calculation of the proportion of each factor plays a decisive role in the success of the model.

292



Highlights in Science, Engineering and Technology GRET 2023
Volume 67 (2023)

As a result, we spent a lot of time looking for relevant papers and data. It has to be said that
although light pollution has seriously affected human physical health, there is still little authoritative
research on the subject. To reduce the workload, we've divided the world into four types of places.
They are: protected land, rural community, suburban community and urban community. Then, the
factors that can influence the levels of local light pollution risk in these four categories are further
analyzed and calculated. After using the entropy weight method to calculate, we got the following
results separately.

Urban Community
Items e d Weight(%)
Number of layers 0.971 0.029 7.004
orientation 0.975 0.025 6.074
Lighting period 0.978 0.022 5.375
The distance of the street light from the
. 0.977 0.023 5.595
exterior wall of the house
The lighting style of garden street lamp 0,983 0.017 3.967
Distance of garden street lamp from
0.977 0.023 5.406
exterior wall (window) of residence
The height of the garden lights 0.974 0.026 6.143
The color of neon lights 0.98 0.02 4.875
The brightness of the landscape lights 0.967 0.033 7.881
Lighting duration 0.976 0.024 5.801
The height of the light pole 0.98 0.02 4.674
Neon brightness 0.986 0.014 3,241
The light color of landscape lights 0.972 0.028 6.704
Light pole length 0.965 0.035 8.377
Brightness of billboard 0.976 0.024 5.682
0.975 0.025 5.89

0.969 0.031 7.313

Figure 2. Factors of Urban Community

For urban community, the main influencing factors are the number of layers, orientation, lighting
period and so on. The most influencing factor is light pole, whose weight is 8.377%(Figure 2).

For rural community, the main influencing factors are the number of layers, height of building,
road density of street lamp, height of street lamp and so on. The most influencing factor is the light
color, which weighs 10.371%. For the protected land, the main factors are the light color, illumination,
optical intrusion, zenith brightness and so on. Among them, the most influencing factor is the optical
intrusion, which weighs for 16.922%. For rural community, the most influencing factors are the
construction period, greenhouse lighting intensity, building curtain wall material. floor lighting type
and so on. The most influencing factor is the floor lighting type, which weighs for 13.62%.(Figure 3)
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Rural Community

Items e d Weight(%)

Construction period 0.968 0.032 11.295

Greenhouse lighting intensity 0.971 0.029 10.116

Luminaire specification 0.985 0.015 5.137

The distance of the street light from the exterior
0.973 0.027  9.411
wall of the house

Building curtain wall material 0.973 0.027 9.424

Floor lighting type 0.961 0.039 13.62

Light intensity of industrial site 0.977 0.023 8.199
Billboard light color 0.975 0.025 8.729
Building location height and density 0.984 0.016 5.522

Duration of construction 0.982 0.018 6.347
Billboard light intensity 0.965 0.035 12.2

Figure 3. Factors of Rural Community

Given the weight of the various factors, we still lack a hierarchy. To solve this problem, we need
to set scores for the factors. It’s hard to set a standard for all factors. We searched for lots of papers,
magazines, the government reports and so on. Finally, according to the characteristics of them, we
got a proper standard for different factors mentioned.

For the determination of these numerical criteria, we adopt the numerical correlation model. We
got the numerical value of details of the factors. For example, the Zenith brightness, as shown in the
figure 4 below, can be divided into nine degrees from 0.1-0.9. The Architectural form can be divided
into light, middle and high which scores 0.4,0.7 and 1 separately. The brightness is divided into five
categories,50-100 is marked 0.2,100-150 is marked 0.4,150-200 is marked 0.6,200-250 is marked 0.8
and 250-300 is marked 1.

There are many more detailed scoring criteria, but space does not allow for examples.

2.4. The process of the Model

Now that the formula and scoring criteria are in place, we just need to input the target to get its
light pollution risk level. But there is still a process involved.

For the target that we put in, it could be urban, rural and so on. In short, it must be somewhere on
Earth. In order to be more accurate in positioning, it will enter a judgment stage in the first step, which
will be judged as one of urban, rural, suburban, protected area and undeveloped area. Then, the
relevant factors within the target area of input are scored. According to the table above it will get the
score of each factor. Finally, the score is obtained according to the weight of each factor.

It is shown in Table 1.
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Table 1. Numerical Criteria of Brightness

Brightness (Lx) Degree
50~100 0.2
100~150 0.4
150~200 0.6
200~250 0.8
250~300 1

3. Results

3.1. The establishment of simulation model
The large data prediction model for the user's electricity consumption is implemented in the
Clementine software (Figure 5).

Amnalysis of related
factors

AV O

Judge area type Weighted calculation

Input target region Output result

Figure 5. Process of Light Pollution Risk Rating Model

3.2. Analysis of experimental results

According to the question, we need to score four categories of places. They are protected land,
rural community, suburban community and urban community[9].

These places have their own characteristics and complex regional situations[10]. It would be very
difficult to continue using the old method. However, now we have the Light Pollution Risk Rating
Model.

Next, we selected 57 protected areas, 67 rural communities, 64 suburban communities and 76
urban communities. The samples were from around the world and were widely representative. We
got the data we wanted from reports issued by the local government and the power supply bureau.
These data are from the last five years, and we choose the average to calculate.

We collated the data and obtained average scores for the four major regions.(Figure 6 and Table
1)
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Figure 6. Data of Different Areas
Table.2. average scores for the four major regions

protected land rural community suburban community urban community
Average scores  0.831561845 0.694904587 0.508835721 0.178400724

From the table, we can see that the protected areas scored the highest and the urban areas scored
the lowest. Suburbs and rural areas had similar scores. And that fits with what we know. Because
urban communities have the high level of development and large population. Therefore, the density
of the building is high, and the reflection of sunlight is strong. At the same time, there are more street
lights at night, which consumes a lot of electricity and the greater the risk of light pollution. The
protected areas, most of which are off the beaten track, are dominated by plants and animals. No more
light pollution.

4. Conclusions

In the process of making the model, this paper found that it took a lot of time to search and integrate
the data because of the high demand for data. And since the unit system differs from place to place,
this paper needs a uniform unit to calculate [11]. This introduced an error. If there are too many or
too few details, the accuracy will also be reduced. After calculation, this paper found that the optimal
range for the number of factors is between 11 and 26, after which, the accuracy decreases by 0.73%
for each increase or decrease in the number. This model provides great ideas and solutions. In addition,
This model focuses on the computation of data, which can prove the validity of the solution more
effectively and has a very wide range of applications.
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