Traffic Noise Modeling in China’s Noise Impact Assessment
Abstract: In order to evaluate the road traffic noise impacts, many countries have developed their prediction models based on their local conditions, following the FHWA noise prediction model of America. It is the same story in China. It has issued several traffic noise prediction models in the form of guidelines and specifications. In the environmental impact assessment of traffic noise, the Technical Guidelines for Noise Impact Assessment (HJ 2.4-2009) and the Specifications for Environmental Impact Assessment of Highways (JTG B03-2006) are mainly used. The German software of Cadna A is also applied in some cases. It can be found that the HJ 2.4-2009 model is a complete model due to the reasonable consideration in distance reduction and coefficient amendment while the JTG B03-2006 model and Cadna A are more mature due to practical determination of the noise source and vehicle speed. In most cases of EIA conducted in China, the HJ 2.4-2009 model and the JTG B03-2006 model are combined to predict the traffic noise. It will be necessary to perform some reasonable amendments to the parameters of some feasible road traffic noise prediction models according to the road features and other actual situations, and to provide the data support for forecasting accurately the regional impact level of road traffic noise. 
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1. Introduction
In the statistics of Chinese urban traffic noise which includes 401 city roads in 2008, over 1/5 of the urban road traffic noise exceeded standards. Traffic noise has become one of the most widely effective issues in the urban noise pollution, and its effects has aroused wide public concern in the whole world. Hence, a lot of road traffic noise research and management work have been conducted by scholars and environmental engineers around the world. As the road traffic noise prediction for traffic noise assessment and later theoretical basis to carry out governance, the selection of model and the road traffic noise prediction accuracy are particularly important. Based on FHWA (Federal Highway Administration) noise prediction model, countries have developed different predictive models for road traffic noise according to their local actual situation, China has also issued various traffic noise prediction model. Therefore, it is necessary to summarize the current main road noise prediction models and their existing problems by reviewing China’s and international traffic noise prediction model research progress. In the practical work, we can then choose better models according to the road conditions to improve the noise prediction.
2. The state of the art in road traffic noise modeling
Since the 1980s, a road traffic noise prediction model based on local situation has been developed all over the world. The federal highway administration in the United States released the FHWA highway traffic noise prediction model in December 1978, which is given priority to the model with equivalent continuous sound level A Leq. From 1993 to 1995, The federal highway administration collected information about 6000 vehicles from 40 areas of nine states in the United States, Over six years to release the newest computer model, named TNM1.0 (Federal Highway Administration Traffic Noise Model), from 1999 to 2002, successively issued a series of versions of TNM, including five kinds of standard models (passenger cars and medium trucks, heavy trucks, motorcycles and custom models), suitable for different pavement in different levels of traffic under continuous flow and intermittent flow, and considering the building, noise barrier and the vegetation of decay and multiple reflection, and so on.
CRTN (Calculation of Road Traffic Noise) model issued by the ministry of communications in 1975. Its improved version CRTN88 has been launched in 1998. The model regards the traffic noise peak L10 as evaluation index. In this model, the heavy/light vehicles, traffic flow, traffic speed and environmental data need to be considered.
The Road Construction Section of the Federal Ministry for Transport (RCSFMT) of Germany released RLS81 model and its revised version RLS90 model in 1981 and 1990 respectively. The model uses equivalent continuous sound level A Leq as evaluation indexes. Input data considering the traffic types, traffic flow, parking and road environment data, the types of transmission capacity, allowing simple traffic stop and unknown traffic flow. Combining with the development of computer software technology, German company Datakustik using modified RLS90 model developed Cadna A (Computer Aided Noise Abatement) software. This software uses the Windows operating system as operation platform and can be used to calculate and evaluate the noise caused by roads, railways, airports, factories and enterprises.

In addition, France, Austria, Switzerland, Denmark, Japan, Singapore and so on have also developed their own road traffic noise prediction model. Then on the basis of above theory study, emerged a large number of road traffic noise prediction application software based on the above model, such as STAMINA (America), Road Noise (British), Sound Plan (DE), MICROBRUIT (France). 
Chinese scholars draw lessons from the basis of the foreign road traffic noise prediction model research, also began to focus on road traffic noise prediction model research which is suited for China. In 2006, the Ministry of Transportation promulgated “Highway construction project environmental impact assessment regulations” (2006 edition). In 2009, the Ministry of Environmental Protection issued “The environmental impact assessment technical guideline sound environment” (HJ2.4-2009).
Chinese scholars did a lot of research work in traffic noise prediction model. In terms of models of theoretical derivation, The US FHWA model was derived by Tu et al. (1992; 1995) and pointed out the defects of the model, Using range, various parameters of the physical meaning and several problems that should be noticed when applied in China. In terms of the correction of the parameters used in the model, Liu (2009), Xu(2007), Guo et al.(2004), Lu Xilin et al.(2008), mainly analyzed the effect for the road traffic noise which caused by the speed of cars, traffic flow, road width and other important parameters. In terms of the attenuation correction of the model, Xiao (2007), Wang (2005), Cui et al. (2011) analyzed the effects for the traffic noise attenuation which is caused by the factors of different types of ground cover, the embankment and cutting and the houses. In terms of comparative analysis of the various models, Shen (2003), Wang (2006), Liu and Li (2011), Mao (2006), Xu et al. (2008), adopted road traffic noise measured data of different provinces to compare the accuracy of the prediction of FHWA model and the department of transportation model specification, And correct all the parameters of the prediction model combined the local actual traffic condition. In addition, there are scholars made a study of Cadna A noise prediction software application in our country road traffic noise prediction.

The above summarizes the model derivation, parameter modification, predicted results such as the validation work on the basis of the existing model made by Chinese scholars. In addition, many scholars also committed to the development of new forecast model. Li et al (2000), Yao (2007), Shi et al. (2006), Zhu (2008), Yuan et al (2005), Li et al. (2009), Li et al. (2008), established statistical experience prediction model that is suitable for the urban road traffic and evaluation standard in our country on the basis of analyzing the influence factors of road traffic noise combined with their actual data. Cheng (2009), Feng (2008), Zhou (2010), Xie and Chen (2006) introduced GIS technology into the road noise prediction evaluation, and established the forecast model of the relevant system. Highway traffic noise prediction neural network model is proposed by Chen et al., (1994), Yuan (2003), Liu (2008), Huang et al. (2008), Chen et al. (2006), Lin et al. (2001), And its applied it in all kinds of urban road traffic noise prediction. Chen et al. (2005) using the theory of fuzzy mathematics to establish the road traffic noise evaluation model of the impact of urban residents.

Nowadays in China, there are two major categories of road traffic noise prediction models in noise environmental impact assessment: one is issued by the ministry of environmental protection, "The environmental impact assessment technical guideline sound environment" , (HJ2.4-2009)Noise prediction model (Hereafter referred to as "2009 sound environment guideline" model).The other is issued by the ministry of transportation, "Standard of highway construction project environmental impact assessment"(JTG B03-2006)Noise prediction model (hereafter referred to as "specifications 2006" model). In fact, the basic principle is the same.
3. The comparison of road traffic prediction model and Cadna A software in China.
In terms of the expression, the Guidelines for Noise in 2009 and the recommended specification for Highway noise prediction model in 2006 are essentially identical, while the Cadna A software is mainly developed based on model RLS90. The three models above are of certain application in the area of traffic noise impact assessment in China. The speed of vehicle, the single vehicle radiation of sound level and the item of distance decay play great important roles in the three models. Comparison of the three models will be conducted in the following section.
When it comes to the speed: 

In the specification models of 2006, for every model, there is a clear determination of the average velocity formulas; while in the model of 2009 sound environmental guideline, it gives more choices. That is the "calculating all kinds of vehicle flow by using related model. It can also be undertaken by analogy to the measurement. The speed used in the Cadna A software is under the limit.

When it comes to the cycling radiation sound level: 

In addition to the 2009 sound environment guideline which doesn’t use a clear calculation method in the model, the 2006 specification and Cadna A software has a clear calculation formula. Cadna software A theory is the outdoor sound propagation attenuation calculation method which was based on the international organization for standardization. The models can be divided into only two types, such as cars and trucks. It takes only the number of cars and trucks into consideration when calculating the average sound level proportion.
When it comes to the distance decay items: 

According to the differences of vehicle flow, the 2006 specification model divides the traffic highway noise sources into line sound source and point source in order to carry out the distance attenuation calculation. The 2009 sound environment unified guideline model calculates its distance attenuation according to the line sound source; Cadna A software combines the air absorption and the distance decay.

According to the comparison and analysis of the three models above, we found that the attenuation of the 2009 model acoustic environment guideline and its correction factors are more comprehensive in considering the FHWA model and the 2006communications model, but the 2009 model did not give a clear unified calculation for acoustic environment guideline source intensity and the concrete way to calculate the speed, while 2006 specification model of the ministry are more mature in communications of the German Cadna A in its source intensity and speed. But Germany Cadna A software is different to China’s, according to a large number of road monitoring by the domestic scholars, they came to a conclusion that the result of general higher percentage in the car come to the road, but basically it was of correction or without correction about +1 db. When it comes to a path of high proportion in cars, the strong correction of source shall generally be reached around +3 db.
4. Case Study
The judgment of traffic noise needs to comprehend various influenced factors, the general point to consider is the number of cars, speed, models, and the combination of effects. We selected some main highways of Guangdong Province like those of Guangzhou, Foshan and Zhongshan cities, the expressway, national highway, provincial highway, urban main road, and other various types of roads, and we take the number of cars, design, noise monitoring parameters such as speed and lane into account. Now we take a road in Foshan city as an example to tell the differences between the use of 2006 specification model, the 2009 guideline model and Cadna A software.
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Fig.1 Comparison of the modeling and the monitoring results in the daytime (above left)
Fig.2 Comparison of the modeling and the monitoring results in the nighttime (above right)
From the diagram we know that there is a certain error between each kind of model and the actual monitoring value, basically, the nearer the center line is to the road, the smaller the error will be. On contrary, the further the center line is to the road, the greater the error will be. And when we are working in actual traffic noise prediction, we need to combine a large number of measured data, and to correct the main parameters affecting noise prediction to ensure the accuracy of prediction.

5. Conclusion
At present in China, in traffic noise prediction, we combine 2009 acoustic environmental guidelines model with 2006 specification model. Considering the practical situation of regional road, the selection and the correction of model parameters can be made. The status of road traffic noise can be well reflected. Appropriate traffic noise prediction model has a strong guiding significance for control measures of road traffic noise. These measures can be put forward to strengthen the management of traffic noise. If a lot of noise monitoring data are available, other international traffic noise modeling software can also used after validating the model. 
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