Regional air quality management in China (WP4)
With rapid urbanization and motorization processes in China over the past few decades, China focuses attention on its air quality worldwide.  The Chinese government now faces the challenges of how to establish effective emission reduction measures to improve urban and regional air quality. In the past ten years, many Chinese cities have improved local air quality step by step, but the regional air pollution, especially ozone, fine particles (PM2.5) and regional haze, becomes even worse. The successfully control of local and regional air quality during the Beijing Olympics helped the Ministry of Environment Protection (MEP) realize the importance of emission reduction measures and management on a regional scale.  Several projects have been launched to focus on regional air quality management, and the MEP has set up multiple regional control centers as a consequence.
1.1.1. The Beijing Municipal Government’s efforts to organize regional air quality management after the Olympics

The blue skies and the clean air, together with the visitors to Beijing, the athletes from worldwide and the local residents, witnessed the fulfillment of commitment by Beijing on air quality during the 2008 Summer Olympics. The Beijing Environmental Protection Agency launched several projects, together with leading institutions including Peking University, Tsinghua University, and the Chinese Academy of Sciences, to improve the air quality of Beijing and ensure a healthy atmosphere for athletes and spectators during the 2008 Summer Olympics. Studies have been carried out on investigating local and regional contributors to Beijing's air quality, which provided us with a sound basis for regional air quality management and development of new emission control strategies.  The modeling studies have been widely cited and appreciated by Chinese policy makers, including the mayor of Beijing, in requesting the government to implement regional air quality control programs to ensure good air quality for the Olympics. The Games ended, but the projects and the research are still moving forward.

1.1.1.  New research projects after the Olympics
The research projects supported by the the Beijing Municipal Science and Technology Commission need one or more years to make plan by the Beijing Municipal Environmental Protection Bureau and top research scientists, based on the needs of the environmental managements and scientific frontier. The mayor will consider the needs and concerns of the citizens. The budgets are from the Beijing Municipal Government.
Beijing Municipal Science & Technology Commission, or BMSTC, is a constituent part of Beijing Municipal Government, mainly responsible for formulating local Sci-tech development programs, building the capital-wide innovation architecture by means of policies and budgetary plans, improving Beijing's economic competitiveness and promoting a coordinated economic and social development. Being fully aware of the globalization of sci-tech activities, BMSTC opens its arms to all the government institutions, enterprises and NGOs worldwide who are seeking opportunities for sci-tech cooperation, and, together with its affiliates, readily provides full range of supports and services. Both BMSTC and Beijing EPA belongs to the Beijing Government, they are brothers. 
1.1.1. Regional air pollution simulation, forecasting, early warning system

With the support of the Beijing Municipal Science and Technology Commission and the Beijing Municipal Environmental Protection Bureau, a project was launched to control regional air quality with a focus on the Beijing metropolitan region and its surrounding areas.  The goal of this project is to develop and extend the multi-model air quality forecasting and early warning system to Beijing’s neighboring areas.  It calls for joint efforts and requires regional agreement on air quality control among the local governments.
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Figure 1.1 The framework of the new project

The project is led by Zifa Wang from NZC/IAP/CAS. The Beijing EPA took the initiative in the designing of the project. The goal was determined by the Beijing EPA and relative experts. The surrounding regions did not afford the funding for this project, but they share some environmental informations.
· Modeling

A multi-model ensemble prediction system is applied in the project, which includes CMAQ, CAMx and NAQPMS. The system helps us understand the following research questions: (1) understanding the formation mechanism of regional air pollution, features and interactions among the subdivisions; (2) identifying the most significant industry and area that contribute to air pollution over Beijing; (3) conducting operational forecasting and early warning for air quality in Beijing and its surrounding areas.

[image: image2]
Figure 1.2 Structure of the multi-model ensemble prediction system

· Field Observations (WP1)
The Beijing Environmental Protection Bureau also plans to establish a comprehensive observation network of air pollution over Beijing and its surrounding area. This observation network will cover 25 sites, including Beijing, Tianjin, Hebei, and Shandong provinces. The purpose of establishing this dense observation network includes the following aspects: (1) obtaining the spatial and temporal distribution of air pollutants over Beijing and its surrounding areas. The pollutants can be measured include O3, NO2, NO, SO2, PM10, CO and PM2.5. VOC measurements will also be included in the near future; (2) affording early alert for O3 and PM2.5 regional joint prevention and control; (3) providing sufficient observational data for model validation and data assimilation; (4) assessing air pollution characteristics, pollutant transport processes and the mutual influences of different region’s pollution over Beijing and the surrounding areas.
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Figure 1.3 The distribution of observation sites of the comprehensive observation network of air pollution over Beijing and its surrounding area.

1.1.2. Research and Development of the Decision and Support System for Automobile Pollution Control (DSSAPC) (WP3,4,5)
As an international metropolis and the capital of China, Beijing has over 4 million vehicles and this number is still increasing with an annual growth rate of about 10%. The increasing vehicle emissions threaten the air quality over Beijing.  The Beijing Municipal Environmental Protection Bureau (BMEPB), thus, initiated a project named ‘Research and Development of the Decision and Support System for Vehicular Pollution Control’ in October 2008, aiming at understanding the contribution of vehicle emission to local air quality and evaluating multiple measures on automobile control in Beijing. 
The transportation Commissions within the Beijing Metropolitan Government involved in this project. The results of DSSAPC are going to be used by the BMEPB only. 
The system calculates real-time automobile emissions base on weather conditions and other emitting sources that combines vehicle monitoring data, emission model, meteorological model and air quality model.  Various measures on automobile control affect total emissions from the automobile sector and consequently the pollutants’ concentration as a result of changes in the traffic flow pattern and emission factors.  In the system, these analyses results are shown on a platform based on Web-GIS. The project is undergoing following the below four steps:
· First, a database on traffic flow, including information on its temporal variation, and road network of Beijing is set up.
· Second, a vehicle emission model is to be developed. Emission factors and bias corrected coefficients were obtained based on experiments of different cars and different road conditions.

· Third, models, including emission model, meteorological model and air quality model, are integrated. 

· At last, the effectiveness of emission reduction measures is evaluated in consideration of traffic flow, the economic costs, etc..
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Figure 1.4 Flowcharts of the Decision and Support System for Automobile Pollution Control (DSSAPC)
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Figure 1.5 Hardware Framework of the DSSAPC
The system has being established since 2009. The traffic flow data used in the system comes from observations from October 2008 to March 2009. A mesoscale model, MM5, is used to simulate and forecaste meteorological conditions. Mobile 6 in SMOKE is adopted to prepare vehicle emissions. The Nested Air Quality Prediction Modeling System (NAQPMS) is included to calculate pollutants diffusion and atmospheric chemistry.
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Figure 1.6 Road Network and traffic flow in Beijing: a snapshot
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Figure 1.7  Snapshot of real-time traffic emission from the system
Public health and economic costs are considered while evaluating the effectiveness of various emission reduction measures, particularly, focusing on the following six aspects:
· Issuance of new automobile emissions standards

· Decommissioning of high emissions vehicles, buses and taxis

· Recovery of fuel vapors at pumping stations and from tankers

· Restriction is use of high emissions vehicles

· Banning of large polluting vehicles from the roads

· Emission control from small stationary diesel generators

However, the validation of automobile emissions is a real challenge. Several traffic monitoring sites are set up for analyzing pollutants emitted by automobiles. In addition, the real-time update of traffic flow also plays an important role in the decision and support system. Thus, it requires more comprehensive research in the near future to solve the problems such as how many automobile monitoring sites would be sufficient in Beijing and how to select a suitable site location for a better representation.

1.2.1. Post-Olympic counter-measures to control air pollution in Beijing 
1.2.1. Car-Ban
Car-ban is sill in force after the Olympics; however, the rule is different from the odd-even license plate regulations during the Games. Not half, but a fifth of private vehicles and a third of business cars are banned from the road every weekday.  By keeping these vehicles off the road, the local environmental protection bureau estimates that a total daily emission has been reduced by 375 tonnes or 10%.  “Carbon monoxide, hydrocarbons, nitrogen oxides and particulate matter emission reduction were 163 tons per day, 23 tons, 21 tons and 2 tons, respectively" said by Li Kun-sheng, the director of the Motor Vehicle Emission Management of Beijing Environmental Protection Bureau.
1.2.2. Phasing out “yellow-tag” vehicles

Ending by October 23, 2009, the number of “yellow-tag” vehicles that had been permanently banned had reached 96,729, of which 47,792 vehicles were rolled out, 43,186 vehicles had been scrapped, and 5,751 vehicles had been issued “green-tag” after inspection.  As of October 16, 2009, 337.38 million funds had been provided for the scrapped “yellow-tag” vehicles, and more than 52,987 vehicle owners received the subsidy. The phase I and II are set for the steps to move “yellow-tag” vehicles out of Beijing.
Table 1:Subsidy standards for the scrapped “yellow-tag”vehicles (yuan/ unit)

	First phase: Sep 27th,2008- Jun 6th,2009

	second phase: Jul 1th, 2009 – Dec 31 th ,2009
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Figure 1.8 Compensating worksite for the scrapped “yellow-tag” vehicles 
1.2.3. Strict regulations for factories to resume production 

After the Beijing Olympics, heavy pollution industries are required to meet emission standards before resuming production. "If the heavily polluting enterprises can not solve the pollution problems, they will be further cut-off and limited production." said Du, Shaozhong, the deputy director of the Beijing Municipal Environmental Protection Bureau. The BMEPB also affords some special funding to support the indusries to improve their emission qualities.
1.2.4. Green Construction
Xicheng, Chongwen, and Haidian Districts in Beijing strengthen dust pollution controls vigorously to promote the "Green Construction" concept.
1.2.5. Restrictions on carbon tetrachloride production, purchase and use

Starting from January 1st, 2010, all the factories are required to destroy the byproducts of carbon tetrachloride to ensure a zero carbon tetrachloride for the environment, except for those non-ozone-depleting substances and special materials,
1.2.6. Restrictions on Chlorothene Nu (TCA) production and use

As January 1st 2010, all businesses are banned to produce 1,1,1—TCA excepted for raw materials and essential application.

Dec. 31th is the last “blue sky” in 2009, Beijing harvested 285 "blue sky" days which are 11 days more than the "Olympic Year”, and the air  quality have continued to improve for 11 consecutive years.
1.3.1. Decision making process
1.3.1. Assessing current status and problems of air pollution

First, it requires long-term observation and dedicated research to understand the current atmospheric pollution problems. These studies can identify what pollutants have the largest harmful effect on human health and what emission sources are the main contributor to the current air pollution. For example, this decision was made on the pollution control measures during the Beijing Olympics. To identify the pollution formation mechanism in Beijing, Beijing launched a large comprehensive observation campaign CAREBeijing in August of 2006 and 2007. This observational program includes nearly 20 scientific research institutes and hundreds of researchers, using satellite data analysis, aircraft, aerial, vehicle remote-sensing observations, the tower, lidar and other advanced technologies. Through these studies, the major air pollution formation mechanism over Beijing and surrounding areas are identified. It observed the actual effects of traffic-ban in 2007 on air quality. Finally, it proposed a specific air pollution control plan to ensure good air quality in Beijing during Olympic Games. This control measure includes six provinces in North China (Beijing, Tianjin, Hebei, Shanxi, Shandong, Inner Mongolia). Based on the above studies, the "29th Olympic Games Beijing's air quality protection measures" is approved to implement before and during the Olympic Games by the State Council.
1.3.2. Determining the targets and measures of air pollution management

The ultimate goal of air pollution management is to provide a clean and friendly atmospheric environment.  However, air pollution control often can not be achieved in a short time. Therefore, it needs a continuous and long-term plan and an air quality objective at each stage. This requires managers to develop a long-term and reasonable control measures. This plan not only considers air quality, it also needs to consider the economic aspects and energy consumption changes. Firstly, major emission sources and areas should be identified as the important control object. Then, the cost and the technical feasibility of control measure on this object should be evaluated. At the same time, a number of policy and control authorities also need to be evaluated together. For instance, the regional joint control measures need the implementation and authorization of different province and regions. In this process of formulation of control measures, there are numerous success stories for air quality management to be studied from other countries. In U.S., it has helped force states to assume a long-term perspective in evaluating and implementing air pollution control measures. The process has produced uniform methods for quantifying emissions and has promoted regionally consistent measures, such as those adopted by northeastern states to reduce ozone pollution.
1.3.3. Assessing the control measures

It is important to ensure the effectiveness of emission control programs, thus, it often requires the assessment from numerical models. The model can analyze a variety of virtual scenarios and bring out the effects of the implementation of control measures in the future. On these aspects, the model uncertainty is also a problem needed to be addressed. The effects of the counter measures can be verified by a number of tested experiments, such the Beijing traffic-ban in 2007. If the control measures could not achieve the goals, it needs to re-enact more stringent control measures and re-evaluation. As a matter of fact, long-term control measures are always in a process of continuous evaluation and revision. The assessment of control measures also need to focus on the impacts on potential pollutants.  For example, control measures can achieve the attainment of air quality standards of NO2, but it may make the ozone pollution level higher. 
1.4.1. Difficulties experienced by other regions in China 

Beijing set a good example for other Chinese cities to effectively improve local air quality; however, there are some difficulties while passing these experiences and practices on to other regions in China due to the following reasons:
· Other cities might have different sources of pollution. The measures might not be effective if they simply follow Beijing’s step.
· It is difficult for the other local government to deal with the conflict between environmental improvement and industrial growth.
· The public transport systems of other cities are not as perfect as that of Beijing, which hindered the private vehicle owners to take public transportation.
1.5.1. Future plans

The air quality in Beijing has greatly improved, but there is still a long way to go.  Here are some suggestions to maintain and further improve air quality in Beijing after the Games:

· Joint control effort on regional air quality
The successfully control for good air quality during the Beijing Olympics afford a example of joint control among the surrounding areas and Beijing. It is necessary to promote joint air pollution control countermeasures in these areas. 

· Long-term air pollution control strategies after the Games 

Air quality remains a serious problem in Beijing, as it does for China and most large cities around the world. Even Beijing has taken some effective steps; its current air quality still faces challenges associated with the country’s booming economy and the rapid increase in the number of vehicles. A comprehensive and long-term air quality strategy is required to maintain and future improve Beijing’s air quality after the Games. 

· Strict regulations on vehicle emissions, and afford emission standards to set an example for other cities

· Continue to urge the industries to adopt clean technologies
· Promote renewable energy technologies, i.e. geothermal heating, and solar PV systems

· Smart design and energy efficient technologies for new buildings
· Continue to move away the coal as the dominant energy source and to promote the development of renewable energies
Residents increase their consciousness on the importance of air quality after the 2008 Olympics. The combined efforts are needed from the government, media, and the residents to ensure all the above measures successful.

2 Efforts by local governments, especially Shanghai and Guangzhou, to control air pollution for international events, following the example of the Beijing Olympics
2.1 Shanghai World Expo 2010
The Shanghai World Expo 2010, as another mega international event after the 28th Beijing Olympic Games in China, has drawn the whole world’s attention again and become a great, if not bigger, challenge for organization and management ability of Chinese local government, especially on environmental issues such as potential air quality problems. 
Following the successful example of the Beijing Olympics, air quality security as an important part of local environment management was put onto the agenda of Shanghai government in time and won strong support from Chinese Ministry of Environmental Protection (MEP). According to the MEP’s guidance and requirement, a regional air quality monitoring network in the Yangtze Delta covering Shanghai, Jiangsu and Zhejiang province is being established so as to monitor local atmospheric environment comprehensively and promote regional data-sharing and cooperation. Joint consultation and regional emission inventory are also discussed and intercommunicated between different departments and cities, laying the technical foundation for joint prevention and control of regional air pollution. During the building of regional network, it’s required that more advanced monitoring techniques and index system involving fine particulate matter as well as ozone should be introduced and put into practice in Shanghai and other developed cities of this region, considering increasingly severe haze and ozone pollution. 
In addition to the observation network, an ensemble modeling system of air quality forecast for Shanghai Expo 2010 (EMS-Shanghai) is also designed and established in Shanghai Environmental Monitoring Center (SEMC) with the help of researchers from Institute of Atmospheric Physics, CAS, etc. EMS-Shanghai as a multimember system with on-line tracer-tagged module will be an efficient tool for pollution alert and air quality management (AQM) during the World Expo 2010. Simulation results of the modeling system compared with in-situ observations are shown below (figure 1, PM10).

[image: image10.emf] [image: image11.emf] [image: image12.emf][image: image13.emf]
Figure 2.1 Ensemble modeling system of air quality forecast for Shanghai Expo 2010 
After the key area, industry, pollution species and sources have been identified for AQM, effective pollution control measures are requested to prevent undesirable situation. Therefore, many well-known international experts, including Prof. Tang Xiaoyan, the academician of Chinese Academy of Engineering, the environmental consultant leader of the 28th Olympic Games, Michael Walsh, the former director of Office of Air in U.S.EPA, the chairman of International Clean Transportation Committee, and so on, are invited as pollution control consultants for local government. In addition, several scientific forums and conferences of environmental advisors were held to focus on the AQM and control countermeasures. With these efforts, a systematic and comprehensive control action plan for the regional air pollution has been put forward. The key idea is local pollution control-oriented while taking regional joint prevention into account as following:
· Pollution control for power plant emission, including SO2 and NOx reduction and closing down small thermal power generation units;

· Emission control for industrial exhaust, especially for high pollution enterprises such as coking and cement industries;

· Intensifying vehicle pollution supervision by updating vehicle emission standards, developing public transport services vigorously, and executing emission inspection more strictly, etc;

· Strengthening control of VOCs pollution by proceeding oil vapor recovery;

· Launching joint control action of blown dust to reduce negative environmental influence due to mass construction.

The key species of pollution control such as NOx, VOCs, SO2 and fine particulate matters will receive more emphasis, and the primary supervision objects are power plants, coal-fired boilers, motor vehicles, petrochemical enterprises, blown dust sources and straw burning. When it comes to the implementation of those pollution control policies and guidelines, it is stressed that the administration will stick to steady long-term progress with combination of temporary necessary emergency measures.
It is noticeable that Shanghai has implemented four rounds of Three-Year Environmental Action Plans consecutively since 2000. During ten years of implementation of the Plan, 6000 coal-burning facilities have been washed out or renovated with cleaner energy, 674 square kilometers of ‘Zones Basically Free from Coal Burning’ has been established and the boilers fuelled with coal have been cleared within Inner Ring Road. More than 3000 enterprises and producing processes of high pollution, high energy consumption and laggard techniques have been phased out. 10,674 MW coal-fired power units in Shanghai have been equipped with FGD facilities and 695 MW small power units have been shut down to depress the emission of SO2 and PM10. Vigorous development of public transportation is promoted to control motor vehicle pollution. 7000 buses and 32000 taxies have been renovated by the end of 2009. 420 kilometers of metro lines will be completed before Shanghai Expo 2010. New vehicles have been required to meet National IV Emission Standard in advance and seriously polluting vehicles have been prohibited to enter the Middle Ring Area. 728 square kilometers of ‘Fugitive Dust Pollution Control Zone’ have been established through strengthening dust pollution supervision and management on construction sites, house dismantling, road cleaning, cargo storage and dregs transportation etc. In view of all those endeavor listed above, good foundation of ambient air quality for World Expo 2010 is believed to be established, which could also be verified by a significant improvement of air quality according to the latest monitoring results. Once severe air pollution was captured or forecasted by the monitoring network and air quality modeling system because of extreme weather conditions or other disadvantages during the World Expo 2010, pre-established temporary contingency plan will be initialized and activated based on the consultation conclusion from environmental authorities. This advanced experience learning from AQM of the Beijing Olympic Games is believed to effectively guarantee great prospects of AQM success, that is, excellent and good rate of local ambient air quality reaches to 95% and above (100% for important days), qualified rate of ozone concentration in central city reaches to 85% expectantly, and haze pollution are expected to be under control with all efforts. 
Unfortunately, the AQM experience from Beijing Olympic preparations may not be compatible for all other regions and events. Some dilemma or trade-off has to be faced considering different situations. For instance, Shanghai World Expo 2010 will last for almost half a year while activities of the Beijing Olympic Games just occurred within one month. Even if the period of the Paralympic Games is accounted, the whole schedule of the latter is far shorter than that of the former, which undoubtedly results in different pollution control cost, not only time cost but also economic ones, for each local government, and affects individual AQM measures to a large extent. Besides, local governments’ environmental decisions will also be influenced by its regional environmental status and pollution characters. 
Though it is not a wise choice to copy AQM specifics from Beijing, one key rule of continuously pollution control and environment improvement after the big event ought to be promoted to consolidate the hard-won achievement. For Shanghai World Expo 2010, it is suggested that a long-term framework of environmental protection should be developed from current action plan (short term), that’s to say, further highlighting the emission source control mechanism, promoting pollution reduction firmly, consecutively implementing more rounds of Three-Year Environmental Action Plans, and strengthening enforcement supervision and environment management as well. Only in this way, the promotion to economic and environmental development of Shanghai from the World Expo could turn into sustainable impetus which promises a better future for our city. With the official legal view, the control measures for the Shanghao World Expo 2010 are determined by the Shanghai government and officially finalized. These are determined by the government, industry and experts, based on the modeling results and observations. The experts are from Universitys, such as Peking University, Tsinghua University, Fudan University and the Chinese Academy of Sciences. The Shanghai EPA is responsible to check the status of all the counter-measures within the Shanghai domain. The neigbour provinces, including the Zhejiang and Jiangsu, will provide relative air quality information during the World Expo period, if necessary, following the air quality modeling prediction results, guided by the MEP, will also adopt some counter-measures aournd Shanghai. 

2.2 The 16th Asian Games in Guangzhou
In November 2010 ，the 16th Asian Games will be held in Guangzhou, China. In order to provide a good air quality for athletes and participants , the Guangzhou municipal government has promised "green Asian Games", reiterating their commitment to ensure air quality during the Asian Games. Learning from the experience and measures of the Beijing Olympics in full protection of air quality work, Guangzhou in-depth has studied on the characteristics of air pollution in the Pearl River Delta, mainly through large-scale comprehensive observation, model simulation, the Asian Games earlier analysis of historical data. The Guangzhou municipal government has proposed a phased and sub-scene security programs, and has made a full demonstration of environmental and economic benefits on the various control programs and measures. Through the early part of the implementation of emission reduction measures, as of the end of 2009, Guangzhou's air quality has improved significantly. The following gives a detailed description on the development and implementation of Asian Games-pollution measures.
2.2.1 Air pollution observation and model simulation in PRD
From year 2004, there are several regional integrated experiments on air quality conducted over Pearl River Delta (PRD),like PRIDE-PRD2004 (Program of Regional Integrated Experiments on Air Quality over Pearl River Delta of China 2004), PRIDE-PRD2006, PRIDE-PRD2008. These comprehensive programs integrated ground-base in situ measurements, vertical observations (including aircraft), model simulations and aimed to characterize in depth the pollution, and to improve the understanding of the chemical and radiative processes in the atmosphere of PRD. Besides, extended observation of air pollutants was also conducted around gyms of Asian Games. The funding for these experiments are from the central government, the MOST.   
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Figure 2.2 Overview of observational framework in PRIDE-PRD2004

Besides，through collecting and analyzing historical data( Air Pollution Index, weather observation, General Circulation Index et al), one can figure out the typical weather conditions which was adverse for dispersion of air pollutants.
Numerical model is a favorable tool to investigate the formation of air pollution including haze, photochemical smog and acid rain. Regional meteorological model (MM5, WRF et al) and air quality model (CMAQ, WRF-CHEM, STEM, CAMx, NAQPMS et al ) has been employed to investigate the characteristics of weather conditions and air pollution, reproduce typical high air pollutant episodes, and conduct all kinds of sensitivity experiments so as to provide scientific advice for air pollution control in PRD.
Model results showed that PRD prevailed northeasterly wind in November and high polluted region mainly located in the boundary of Guangzhou and Foshan, Guangzhou and Dongguan. 
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Figure 2.3 Monthly Average PM10(ug/m3) in Nov 2006 over PRD, left: CMAQ simulation, right: NAQPMS simulation
Regional air quality model with on-line tracer tagging module was employed to study the air pollutants’ attribution and apportionment over observation station around gyms of Asian Games in Guangzhou. Results indicated that air quality around gyms of Asian Games was mainly affected by local emissions and emissions from Dongguan, located in the upwind of Guangzhou, also had large contribution. 
	Table 1 The monthly average and the largest day contribution ratio from around cities’ air pollution sources to Asian Games extended observation stations over Guangzhou in Nov 2006 

pollutant

city
	Monthly Average Contribution Ratio（%）
	Largest Day Contribution Ratio（%）

	
	NO2
	SO2
	PM10
	NO2
	SO2
	PM10

	Guangzhou
	84.4
	58.1
	69.9
	94.6
	81
	97.4

	Foshan
	0.7
	0.6
	1.2
	3.2
	5.6
	30.8

	Dongguan
	9.3
	23.8
	21.7
	19.3
	40.2
	48.7

	Zhongshan
	0.3
	0.4
	0.4
	1.8
	2
	16.7

	Shenzhen
	0.9
	0.7
	1.4
	3.7
	1.8
	21.9

	Zhuhai
	0
	0.1
	0.1
	0.3
	1
	7.1

	Huizhou
	0.1
	0.5
	1.1
	0.3
	1.4
	6.7

	Jiangmen
	0
	0
	0
	0
	0.4
	0.9

	Hongkong
	0.3
	1.2
	0.4
	3.6
	5.7
	7.6

	Zhaoqin
	0
	0
	0
	0.1
	0.8
	3.9

	Total
	96
	85.4
	96.2
	--
	--
	--


According to “ Air quality protection plan for Asian Games”, different emission reduction strategy and control measures will be conducted before Asian Games, during Asian Games and in situation when weather conditions is adverse for dispersion of air pollutants. Through modified model emission, one can used regional models to assess the effects of all kinds of control measures. (Picture3)Model results indicated that the implementing of “ Air quality protection plan for Asian Games” could effectively bring down the level of PM10 concentration in Guangzhou and Foshan.  
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Figure 2.4 PM10 concentration distribution over PRD at 23:00 Nov 14, 2006 by CMAQ simulation (Top left :control run ; Top right: before Asian Games; Bottom left: during Asian Games; Bottom right: during server weather conditions)
An ensemble air quality modeling system which based on three regional air quality model(CMAQ, CAMx, NAQPMS) has been established for air quality forecasting in Guangzhou. The system can help to find out pollution events which is considered to happen in the coming days and then casual control measures may be employed to prevent air pollution.
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Figure 2.5  Framework of the ensemble model system in Guangzhou

2.2.2 Decision-making process for control measures and its impact factors
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Figure 2.6  Flow chart of decision-making process for control measures

Decision-making process for the control measures usually includes four steps.
Research and Environmental Standard：Based on scientific research (observation, environmental capacity) and the function of the place, the government set up the air quality standard.
Control measures and executive plan: In order to achieve air quality standards, local government will establish all kinds of emission control strategy and its executive plan and rules.
Feasibility analysis，Environmental and economic benefits pre-assessment:

Before control measures coming to execute, related experts should make use of their professional knowledge and all kinds of tools(like model) to pre-assess the feasibility, environmental and economic benefits of the control measures. IF research indicates that the control measures are unpractical or its costs may exceed the benefits, then the control measures should be modified and improved.

Impact assessment and experience summary：

After the implementation of the control measures, related departments should assess the actual impact and summarize the experience so as to improve the efficiency of decision-making and the effect of control measures.
Actually, decision-making process for control measures is affected by many factors including scientific research, difficulty in execution, expected benefits for environment and economy, public attention, stress from the higher administration. These factors may have large impact on the effect of the control measures.
2.2.3 Control measures for the Asian Games
Learn from the Beijing Olympics and their own  actual situation, Guangzhou has cooperated with such neighboring cities as Foshan, Dongguan, Zhongshan and Shenzhen in an effort to carried out in phases to reduce emissions of various pollutants and control the sources of pollution. Before the end of this year, Guangzhou will be closed 18 wife and children-fired power plants to ensure control of the city’s sulfur dioxide emissions at 8.5 million tons, down 15% compared with 2008 than in 2004, down 54%. Center City District, the first batch of 57 Enterprise reform burning cleaner fuels, would reduce the central area of about 8500 tons of sulfur dioxide emissions, nitrogen oxide emissions of about 7,000 tons of soot emissions by about 1,300 tons, industrial dust emissions by about 60 tons. 
Through the following measures, Guangzhou has fulfilled the pre-task :
Strengthened the industrial air pollution control, implemented the statistics of the total amount of nitrogen oxide emissions, determined the key regulatory business, inhibited the generation of ozone, fine particle aerosol.
Completed before the end of 2009 the first batch of 91 environmental impact category “back two” enterprises in the closure, closure and relocation of work, speed up urban industrial layout adjustment.
Forbided high-emission vehicles to enter the inner ring. Promoted vehicle fuel which in line with the National Standard 3 Comprehensively in the whole city, completed the clean energy promotion of diesel public buses, and builded about 140 Line Condition Detection to conduct testing at any time.
Carried out joint prevention and governance with neighboring cities such as Foshan, Dongguan, Zhongshan and Shenzhen, to effective prevention and treatment and other regional haze pollution. Identified the key factors, key source, key areas which affect air quality, especially haze. Proposed security programs in pre-Asian Games, Asian Games and the typical weather conditions in Guangzhou and surrounding cities security programs.
Implemented oil and gas recovery of gas stations, oil tanks, petrol delivery vehicle progressively.
Combined with natural gas replacement work and take Zhuhai as pilot project, promoted clean energy in the restaurant industry in batches.
Implemented the road dust control, strengthened the dust pollution control of construction sites, municipal construction sites, bare lands, roads.
From the countdown of Asian Games, Guangzhou will  take the following measures to the Post-Launch Phase task:
Organize air quality comprehensive observation and pre-testing. Select the appropriate time before the Asian Games to make motor vehicle yellow line marked vehicles and motor vehicles restricted single-, dual-line number restrictions forecasting exercise. Test city transport and air quality assurance management capabilities.
Ensure the implementation of various air-control measures, with emphasis on thermal power plants, industrial sources, mobile sources, dust sources, volatile organic compounds emissions from industry, to ensure the number of good air quality days in 2010 reach above 96%.
Focus on strengthening the building ambient air quality monitoring points around the Asian Games venues, establish various forms of air quality forecasting system, which dynamically reflect the air quality status from time to time and predict the air quality changes in the future 2 to 3 days.
During the Asian Games and Asian Paralympic Games,if the weather conditions is extremely not advantageous for the spread of pollution or the air quality frocasted within the next 48 hours may be exceeded, carry out contingency plans, and further intensify efforts to reduce emissions, decide whether to terminate emergency operations based on the future 48-hour air quality forecasting .
The control measures for the Asian Games 2010 are determined by the Guangzhou government and officially finalized. The Guangzhou EPA is responsible to check the status of all the counter-measures within the Guangzhou city. The neigbour cities within the Perl River Delta (PRD), will provide relative air quality information during the Asian Games period, if necessary, following the air quality modeling prediction results, guided by the Guangdong Province EPA, will also adopt some counter-measures. 

2.2.4 Effect of control measures

Through the effective implementation of the above control measures, the effect has been made in.

 Guangzhou environmental protection department has issued relevant statistical data show that the first 7 months of this year, the Guangzhou City, ambient air quality excellent rate 95.28% compared to 2004 increased by 11.2%.

 Air-quality monitoring, according to experts, the past five years in Guangzhou City the proportion of good air quality days on the rise. This year, not only brought the matter to the way the air pollution index, and the level of visibility to achieve an average of about 20 kilometers, over the same period than in the past five years, an average of 10 km visibility, the following conditions have improved significantly. Some people said that today in Guangzhou, at night we could see the Star, which 10 years ago, when the pollution is really serious kinds of luxury.

 Guangzhou Environmental Protection Bureau official says, the Guangzhou Asian Games will be welcome as the carrier, with the new national civilized city to create a combination of “a great change in 2010″ as the goal, and strive to achieve by 2010 the city emission of sulfur dioxide at 8.5 million tons, compared to 2004 emissions of 185,000 tons down 54 percent, cutting 101,000 tons of nitrogen oxide emissions, the city’s air environment, sulfur dioxide, nitrogen dioxide, respirable particulate matter than the annual average concentration of 2004 dropped 40.3%, respectively, 23.3% and 28.3% of the work objectives. To this end, the Guangzhou environmental protection departments will be completed within this year a number of air-control measures.

2.2.5 Difficulties experienced when attempting to transfer the experience from Beijing Olympic preparations to the Guangzhou Asian Games
Due to the unique topography of Guangzhou environment (surrounded by the mountain, one facing the sea), the differences of climatic conditions (winds and sea breezes), the structure and layout of industrial enterprises, energy consumption with Beijing, which makes Guangzhou has its own unique air pollution (ozone, fine particles, haze) feature, we can not absolutely copy the experience and measures of Olympic Games in Beijing.

Haze is the chronic headaches in Guangzhou. Due to climate reasons, fall and winter in Guangzhou are haze-prone period, while the Guangzhou Asian Games will be held precisely at this period. Although the overall air quality  in Guangzhou conditions is better than in Beijing, but the Guangzhou Asian Games is held in November, when inversion, sheltered, dry weather  conditions are conducive to smog formation. 

In addition, because the economic costs, degree of public concern are different in Beijing and Guangzhou, many large-scale control measures in the Olympic Games are not likely to be implemented in Guangzhou. The same time, the Guangzhou government also promised to try to accomplish preliminary work,in order to avoid traffic control, production shutdown and other temporary measures during the Asian Games. 
3 Towards the regional air quality districts and the establishment of new regional bureaus
3.1 New projects on the regional air quality districts over China

There are many problems in the environment management, such as the significant difference of the spatial geography distribution, the unbalance of the social development and the huge pressure come from environmental capacity and problems, which make it necessary to build a environment function division system to manage and guide respectively, and it is an important support for the MEP to play its role and increase its management standard. 
Link the internal demand and the international trend of management in divisional environment protect; make a national plan on the system of environment function division and link it with other related national division; clearly understand the goals in environment management, develop a environmental management policy system based on the environment division; provide the fundamental basis in national environmental management policy named “Guide and control divisionally” to make the development in economic more scientific, more healthy and more sustainable.

The plan in national environment function division consists with two parts: former investigate and application. The key point in 2009 is to clearly illustrate the system of environment function division existed already and find out the problems, to put forward the technical method and principle in environment function division, to meet the demand in environmental management policies based on the environment function division, and make the Tibet plateau as the environment function division experimental unit simultaneously.

The preliminary plan in national environment function division contains two levels. The 1st is national wide environment function division. Combined with the frame in divisional management of water, atmosphere, soil and zoology and considered the difference in space and function, it will provide the plans in environment function division and policies in divisional environment management. The other is locally environment function division. Aimed at locally characters in water, atmosphere and soil, it will draws up a locally division plan according to the demanding of the nation’s general division.
Project 1: The atmospheric dispersion channel and air quality districts in China

According to the feature of regional meteorological transport and the geographical character in China, we will study the spatial feature of pollution meteorology, dividing China into several regions with different transport features. In addition, we also analyze some “main channels” of atmospheric dispersion. Based on the features of compound air pollution and the current air quality, the spatial difference of air quality in the whole country will be studied and combine it with the standard of air quality, we characterize each air pollution type and its dominant pollutant, putting forward the ruling atmospheric pollutant distribution. For example, Inhalable Particulate Matter (IPM), ozone, acid rain, sulfur dioxide dominant pollution region; establish index system of atmospheric environment area and integrated method; give support for regional environmental funtion division.
The achievement of this project is to submit a research report on the atmospheric dispersion channel and regional atmospheric pollutants control distracts in China, and to give support to the regional environmental function division.
Project 2: The classification of management framework and policy of regional atmospheric environment management in China

According to regional function types (e.g. ecological conservation function, food safety function, habitation environment protection function, resource protection function and so on.) and regions with different environmental policy, we will study and set up atmospheric environment strategy, ancillary policy and management measure. In addition, based on pollution-induced loss of ecological and human health, we also evaluate atmospheric environmental protection objectives in the main regions, main factors influencing environment and priority-control environmental problems. Besides, we will investigate the method about regional environmental function division, bring up demand of reasoning and spatial connection in local regional environmental function division; give support to Qingzang for accomplishing regional environmental function division.
The achievement of this project is to submit a research report on the atmospheric environment district classification and its management framework” and a technical guide for the Atmospheric Environment Function Division.
These projects are ongoing and IAP also invovled in the first project.
3.2 The establishment of new regional bureaus under the MEP

As approved by the State Commission Office for Public Sector Reform，the former State Environmental Protection Administration established 6 regional supervision centers (Fig. 3.1) for the Eastern，Southern，Northwestern, Southwestern, and Northeastern regions in 2006. These 6 regional supervision centers cover all 31 Provinces，municipalities and autonomous regions in Chinese Mainland and the goal of the centers are to strengthen central supervision, solve regional environmental problems and improve emergency response capacity. The heads of these centers are appointed by the MEP. The officials of the center are selected from the provinceial government and the MEP, the percentage from the local government is about 60%. The souce of the budget are from the MEP. 
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Fig. 3.1 The six Environmental Protection Regional Supervision Centers for the Eastern，Southern，Northwestern, Southwestern, and Northeastern regions of China
Basic description of Districts

As showed in Fig. 3.1, Six regional supervision centers are characterized as follow:

The North China Environmental Protection Supervision Center of SEPA is located in Beijing, including Tianjin, Hebei, Shanxi, Neimenggu, Henan.

The East China Environmental Protection Supervision Center of SEPA is located in Nanjing, including Shanghai, Jiangsu, Zhejiang, Anhui, Fujian, Jiangxi, Shandong.

The South China Environmental Protection Supervision Center of SEPA is located in Guangzhou, including Hubei, Hunan, Guangdong, Guangxi, Hainan.

The Northwest China Environmental Protection Supervision Center of SEPA is located in Xi'an, including Shanxi, Gansu, Qinghai, Ningxia, Xinjiang.

The Southwest China Environmental Protection Supervision Center of SEPA is located in Chengdu, including Chongqing, Sichuan, Guizhou, Yunnan, XiZang.

The Northeast China Environmental Protection Supervision Center of SEPA is located in Shenyang, including Liaoning, Jilin, Heilongjiang.

Structure and Functions

Fig. 3.2 shows the Organizational structure of environmental managementand enforcement, with new regional supervision center highlighted. And the detail funtions of Each Supervision Center can be described as follow:

· To supervise on the implementation of national environmental policies, laws, regulations, and standards of the region within its jurisdiction;
· To undertake the investigation of major environmental pollution and ecological damage cases in a certain area;
· To undertake the coordination and settlements of major environmental disputes in trans-provincial areas and river basins of a certain region; 
· To participate in the supervision of certain area on emergency responses to and handling of major sudden environmental accidents; 

· To undertake or involve in the inspection of certain area on environmental law enforcement;
· To supervise a certain area on the implementation of the “three simultaneities” system of major pollutant sources and construction projects approved by the State; 

· To supervise on environmental law enforcement of national-level nature reserves (scenic spots, and forest parks) and national key eco-function protection areas in the region; 

· To be responsible for the acceptance, coordination and settlements of visits and complaints on environmental pollution accidents and ecological damages cases in trans-boundary areas and river basins of the region within its jurisdiction. 

[image: image24.png]Environmental ™. /Environmental administrative
administration

law enforcement agency

Bureau of Environmental

Supervision (ES)

National Environmental
Protection Agency(EPA)

Center of Regional

supervision

ES corps levell
ES corps level2
ES corps level3

Supervision

Subordination

— — — Operational guidance




Fig. 3.2 Organizational structure of regional environmental management
(Operational guidance: only to afford the guide on the operational, no budgets and people management; subordination: control all the things; supervision: half management)
Reasons of the establishment
Healthy and rapid development of the society needs an organization to supervise and control environmental problems. In the symposium of “the population, resources and environment 2005”, General Secretary Hu Jintao put forward an environmental supervision regime that nationally supervise, regionally  monitor and manage, sectionally responsible. From a similar point of view, Premier Wen Jiabao called for completely establishment of an environmental law supervision system at the Sixth National Environmental Protection Conference.
It is also the need to achieve energy-efficient and pollution control goals. As we know that 11th Five-Year is the key period of historical transformation of the environmental protection and harmonious society, how to achieve the goals in energy-saving and emission-reduction is an important topic that carried on all along. However, the goals set during 10th Five-Year had not been achieved on time, which pushes us to solve all the problems in five years: the energy consumption per GDP decrease by 20%, disposal of pollutants decrease by 10%. The contradiction between the environment and economy is more and more severe. The environmental administrations are under a lot of pressure.
However, there are still many problems in the environmental protection organization. 

Firstly, the relationship between the central environmental government and local environmental government is not on the management level but guidance level, which generates the weakness of implementation capacity in local environmental sections. 

Secondly, though China has preliminary established the environmental laws, the policies deal with economic and environment are still hard to fully implement because of the Regional protectionism. 

Thirdly, the exploit of energy resources and the controlling of the pollution are regionally, not locally, which need the cooperation between environmental protection sections through different levels and different regions. 
As a result, the decision to organize new environmental bureaus with professional supervision rights is extremely urgent and necessary.
The 6 regional supervision centers established in 2006 and 2007, cover 31 provinces. The government takes almost all the factors into consideration, for example, climate, geography, structure of the industries and economics, regional pollution transportations, controls of emissions, etc.
Effects and advantages 
Nowadays, the kernel task of supervision centers is to supervise the local government. Actually this could strengthen the relationship on the environmental protection between the MEP and local government, and enlarge the supervision ability of MEP as well. Regional supervision center will accomplish the various tasks independently when established, regarding as independent Law enforcement and supervision and monitoring  system, scientific research and technology supported system , collecting information and processing system, emergency prevent, risks evaluate, and emergency response system. The advantages of establishment of these supervision centers could be summarized as follow: 
Guarantee success execution of the policy of the central government.
New regional air quality districts and regional bureaus have local information and may not be involoved in local interests. Not only can They help local government to understand and execute the central policy, but also they can send information back to the central government. In the mean time, supervison centers can deal with the problem in time, make sure the central policy executed successfully.

Strengthen the supervision on local government from the central government
Chinese environmental problem, approved by more facts, is mainly because of unfaithfully execution of environmental law by local government. In addition, China has a vast territory, which is a obstacle for central supervision on local government. As the development of regional economy, the contradiction between limited environmental capacity and increased pollutant emission is becoming more and more serious. Current environmental protection system could not solve these problems. As a result, the establishment of new regional air quality districts and regional bureaus can strengthen the central supervision on local government and Reinforce the national monitoring system.

Manage the environmental protection in regional scale
The difference of regional natural conditions and levels of development are considerable, so is levels of environmental protection. So to set up national environmental policy may encounter some dificulties under some situations. Thus, it is neccesary to set up specific environmental policy on regional area.

Establishment of new regional air quality districts and regional bureaus can manage regional environmental protection effectively. And it is relatively easier to set up specific policy within these regional bureaus.

Collect environmental information effectively

Currently Chinese environmental information is main through local department. When these data conflict with local interests, it is possible that raw data may be modified. This distorted phenomenon could largely influence the environmental policy.
Regional supervison center could collect information independently and send them to the MEP. China can improve the environmental policy based on this information.

Enlarge the ability of mediating local environmental disputes

Regional supervision center has specific geographical advantages in mediating local environmental disputes, with deep investigation and more advices. In addition, regional supervision centers are directly subordinate to MEP, without local interests, making the disputes done fairly and justly.

Scientific projects to support the regional air quality managements

In order to pool the wisdom of the masses, fully develop the science and democracy and make the environment function division more scientific, religious and operable, the Department of Planning and Finance and academy for environmental planning of MEP ( Ministry of Environment Protection) decide to invite public bidding on the issues in the division of national environment function. The related information are illuminated as below:
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