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I. POLICY FRAMEWORK IN ADDRESSING CLIMATE CHANGE
A. National Policies in Addressing Climate Change

1. Chinese government attaches great importance in addressing climate change with continuous and active policy actions carried out. In 2014, China issued the National Plan for Combating Climate Change (2014-2020), making efforts to address climate change a major national strategy and integrating the requirements for mitigation and adaptation into its economic and social development. In June 2015, China submitted the Enhanced Actions on Climate Change: China's Intended Nationally Determined Contributions which set out China’s goals: by 2020 it will lower carbon dioxide emissions per unit of GDP by 40% to 45% from the 2005 level, and increase the share of non-fossil fuels in primary energy consumption to about 15%; by 2030, these two figures will reach about 60%-65% and 20% respectively, and peak in carbon emissions around 2030 and make it early in best efforts.  

2. Since the beginning of the 13th Five-Year Plan Period, China has made continuous efforts in national macro-planning, regional strategy, energy system, industrial policy system, capacity building in climate adaptation, and low-carbon development model to achieve its action goals on addressing climate change. 
3. As a major policy to realize China's nationally determined contributions, the 13th Five-Year Plan for Controlling Greenhouse Gas Emissions has deployed various tasks to control greenhouse gas emissions by 2020 in China, and set forth the following measurable goals: to lower the carbon dioxide emissions per unit of GDP by 18% on the 2015 level, to increase the share of non-fossil energy in primary energy consumption to 15%, and to control the total energy consumption within 5 billion tons of standard coal. Emission control goals went down to local level in a binding manner.

B. Regional Goals and Road maps on Emission Reduction

4. Regional low-carbon development is an important way to control GHG emissions. Different regional goals are decided considering development stages, resource endowments, strategic positioning as well as ecological and environmental protection urgency. Shandong is required to reduce its carbon emission intensity by 20.5% by 2020 which is the toughest goal set for Beijing, Tianjin, Hebei, Shanghai, Jiangsu, Zhejiang, and Guangdong as well. At the same time, the plan requires all provinces (autonomous regions and cities) to incorporate the carbon intensity reduction goal into their economic and social development planning and annual plans. 
C. Policy Framework of Shandong Province in Addressing Climate Change

5. Under such carbon intensity reduction goal, Shandong is shifting from high-speed growth to high-quality development, and is in a critical period of transforming development pattern, optimizing economic structure and transforming growth momentum. Shandong is a province with large population and contributions to overall national GDP growth. According to the 2017 Statistical Communique on National Economy and Social Development of Shandong Province, Shandong has achieved a GDP of RMB7,267.82 billion, an increase of 7.4% over the previous year when calculated at a comparable price, ranking third in the country with proportions of three industries is 6.7:45.3:48.0.

6. Acceleration of urbanization and tight resource and environmental constraints will pose threats to Shandong economic development and climate agendas. Shandong's economic structure is highly similar to that of the country and plays a vital role in the overall development of the country. The State Council has approved Shandong to become a comprehensive pilot area for shifting growth paradigm with new drivers to provide hand-on experience for the other provinces in the country.

Mitigation Measures 

7. The Low Carbon Development Work Plan of Shandong Province (2017-2020) is a detailed roadmap for reducing carbon emission and meet carbon intensity goal in Shandong Province. The Plan proposes that by 2020, the carbon emissions per unit area of GDP will drop by 20.5% on 2015 basis, and the total amount of carbon emissions will be effectively controlled. 

8. Shandong also sets a goal of peaking carbon emissions around 2027, which is earlier than the national goal of 2030. Specifically, Qingdao and Yantai should strive to peak by 2020, Jinan and Weifang should strive to peak by 2025 with specific peak timetables and roadmaps formulated.

9. Shandong Province will continue to promote industrial low-carbon upgrading through structural adjustment; focus on high-carbon industries, reduce excess and backward production capacity. Meanwhile, it will intensify energy-saving transformation of the high-carbon industry and adopt advanced energy-saving, low-carbon and environmental protection technologies to upgrade traditional industries. In addition, Shandong has proposed the following action plan for energy structure, industrial transformation, and municipal construction in a bid to control emissions and shape a low carbon development model.
Increasing supply of renewable energy

10. Shandong will make great efforts to reduce the total coal consumption in the province and gradually reduce the proportion of coal consumption. In addition, it will accelerate the development and utilization of new energies including wind power, solar energy, biomass energy, and geothermal energy. By 2020, the proportion of total energy consumption of new energy and renewable energy in total energy consumption will reach about 7%. Through planning and implementing key projects such as “Regional Energy Transformation Demonstration Project”, “Distributed Renewable Energy Demonstration Project” and “New Energy Microgrid Application and Demonstration Project”, Shandong Province will continue to increase the supply of clean energy, shift energy development pattern, and boost the rapid development of new energy and renewable energy.
Strengthening Energy Conservation and Environmental Protection Industries

11. Centering on the key fields including high-efficiency boilers, high-efficiency motors, high-efficiency distribution transformers, high-efficiency lighting products, comprehensive utilization equipment, new energy transportation tools, atmospheric treatment, and water treatment, Shandong Province will vigorously upgrade energy-saving and environmental protection technologies, equipment, and promote the industrialization of energy-saving transformation and energy-saving technologies. Besides, it will plan and implement special base training project, park recycling reconstruction project and green factory creation project.
Promoting Low-carbon Buildings

12. Shandong Province will establish a lifecycle management model for green buildings, implement green building standards for all green buildings; develop prefabricated concrete buildings and steel structure buildings, develop modern wooden structures in places where conditions permit; at the same time, carry out retrofits on existing building.

13. By 2020, the green building design standards will be fully implemented within the scope of urban planning and construction land at and above the county level. Newly-added green buildings will be over 200 million square meters, and the proportion of two-star above green buildings will be over 30%; proportion of prefabricated building in new buildings in Jinan and Qingdao will exceed 30%. The newly built energy-saving buildings exceeded 400 million square meters. Over 30 million square meters of existing residential buildings will complete energy saving retrofits, and over 10 million square meters in public building energy-saving retrofits. 
Establishing Low-carbon Transportation

14. Shandong Province will set up a urban green transportation system, and speed up the construction of a modern integrated transportation system with “zero-distance transfer” for passenger transport and “seamless connection” for freight transport; besides, it will cultivate green and low-carbon infrastructure, continue to promote the construction of non-stop electronic toll collection and service system (ETC) on expressways, and steadily and orderly promote the construction of charging stations and charging poles in expressway service area; promote green intelligent traffic capabilities, encourage the use of rental and purchasing agency modes to promote the application of clean energy transportation equipment, innovate networking transportation and other intensive and efficient transport organization modes, and improve transportation efficiency.
Adaptation Policy Measures  
15. Shandong Province’s Implementation Plan for Accelerating the Ecological Civilization Construction clearly proposes active measures to adapt to climate change. Efforts will be made to implement construction of projects to adapt to climate change, improve the adaptability of urban and rural construction and key fields such as infrastructure, water resources, agriculture, marine, meteorology, and public health; strengthen assessment of impact of climate change, improve the capacities to respond to climate change, especially extreme weather and climate events, and minimize the adverse effects of climate change on economic and social development.

Planning on Addressing Climate Change of Shandong Province (2013-2020) further lay out key tasks in infrastructure, water, agriculture and coastal protection.

Infrastructure

16. Improve urban and rural development adaptability. Integrate green and low-carbon concepts into urban planning and construction with climate change factors fully considered. Strengthen the construction of urban lifeline systems such as water supply and drainage, heating, power supply, gas supply, and communications, and strengthen risk assessments for safe operations, and improve adaptation capabilities. 

17. Strengthen the risk assessment of major transport facilities to adapt to climate change, improve design and construction standards for transportation facilities such as roads, railways, airports, ports, and optimize the site selection plan and route design. Comprehensively strengthen the planning, at the same, construction and management of urban underground comprehensive pipe corridors is encouraged.
Water Adaptation

18. Further protect water resources through water quality improve, control underground water over-exploration and prevent sea water erosion.

19. Utilize various water resources by expanding capacity of reservoirs, rainwater and flood water utilization, sewage treatment and reclaimed water reuse, seawater desalination and direct utilization.

20. Implement water-saving renovation projects and strengthen the use of high-standard water-saving technologies such as agricultural sprinkler irrigation, drip irrigation, and micro-irrigation, and focus on building a number of highly efficient water-saving demonstration zones. 

Agricultural Adaptability

21. Increase crops’ adaptive capacity through farmland water conservancy facilities, fertile soil engineering and conservation tillage as well as well-facilitated farmland. 

Coastal Protection
22. Strengthen the integrated management of coastal zones. 95% eroded shoreline will be rehabilitated (which is 1140 kilometers of coastal rehabilitation out of 1200 Kilometers coastline that are eroded). Construct high-standard shoreline breakwater embankments and seawall breakwater embankments with more than 1400 kilometers of new and improved breakwaters which are built and reinforced (Shandong has over 3000 kilometers long coastlines, and by 2005, 1305 kilometers seawalls had been built). Shandong will focus on the construction of important ecological function protection areas and seawall highways and wetlands, and strengthen the establishment of coastal basal forest belts, protective forests, and wave-removing (purification) forest belts to build a coastal ecological corridor.

23. Focusing on typical ecosystem and important fishery waters at estuaries and bays such as the Yellow River Estuary, Laizhou Bay, and Jiaozhou Bay, Shandong Province will carry out coastal wetland protection and restoration projects and shoreline restoration projects, the province's natural coastline retention rate will not be lower than 40% by 2020. Accelerating the construction of seawalls in key areas such as Qingdao, Dongying, Yantai, establishing a relatively complete coastal storm surge prevention system at once. The construction of seawalls in key areas such as Qingdao, Dongying, and establishment of relatively complete coastal storm surge prevention system will be accelerated at once.

II. MITIGATION INVESTMENT PRIORITIES IN SHANDONG PROVINCE
24. Shandong is also a province with large population and large energy consumption. According to the 2017 Statistical Communique on National Economy and Social Development of Shandong Province, Shandong has achieved a GDP of RMB7,267.82 billion, an increase of 7.4% over the previous year when calculated at a comparable price, ranking third in the country.

25. Shandong relies heavily on its energy and industrial layout which resulted in not only big emissions but also pollution problems. According to the 2013-2020 Air Pollution Prevention and Control Plan of Shandong Province, in 2011, Shandong’s coal consumption reached 380 million tons, accounting for about 1/10 of the national total and 1/20 of the world; in 2012, the emissions of sulfur dioxide and nitrogen oxide were 1.749 million tons and 1.739 million tons respectively, ranking first in the country. The emission of volatile organic compounds in the ten key industries was 796,000 tons, also ranking first in the country. The industrial added value created by the five major industries of thermal power, iron and steel, building materials, chemical industry and petroleum refining was less than 30%, while the pollutant discharge accounted for about 90% of total discharge.

A. Official GHG Profile Result

26. According to “Shandong Planning on Addressing Climate Change 2013-2020”, emissions from energy activities accounted for more than 77.9%, among which fossil fuels including coal and petroleum accounted for over 96% of the total energy activities; industrial processes accounted for over 17.4% of the total emission, among which cement, adipic acid, steel, lime and aluminum emissions are main sources, and cement accounts for more than 25% of the total industrial process emissions. Agriculture and waste treatment emissions account for 3.4% and 1.3% of the total emission respectively. Considering that the total amount of carbon sinks in forest, wetlands, and seas in Shandong is not large, land use change and forestry account for only 0.45% of the total emissions.

B. GHG Profile based on Available Data in Shandong Methodology
27. Considering data used for this official profile are not public which will be difficult for further allocation of emissions to different sectors, the study adopted the profile preparation method published by NDRC based on official statistics available on economy, industry and energy in the Province.

28. Based on GHG profile, we identified main sources of greenhouse gas emissions in Shandong Province and further identified major emission sectors as priorities. In the process, we consulted with relevant stakeholders (see appendix 1) in Shandong concerning results of our profile, emission reduction policies and government priorities in each sector.

Sectors Covered in the GHG Profile

29. Due to the relatively small amount of agriculture and total waste emissions, and the lack of publicly available data on waste in Shandong Province, this profile does not include waste.

30. On the statistics of land use in Shandong Province, over the 2007-2016 period, the total agricultural land area and land for construction purposes (including industrial land, construction land, water conservancy, transportation, etc.) had relatively small change. Since there is no significant trend and land use greenhouse gas emissions account for a very low proportion of total emissions land-use related emissions are also excluded from the profile.

31. Therefore, this profile calculated carbon and methane greenhouse gas emissions in energy activities, industrial production processes, and agricultural production in Shandong Province based on available data.

32. Carbon emission of energy consumption activities is calculated through the consumption by energy types disclosed in the Shandong Statistical Yearbook; and fugitive emission of methane gas from energy production activities is calculated through production statistics by energy type.

33. Carbon emissions of industrial process are also calculated through industry process by product varieties.

34. Methane emissions in agriculture are calculated by farming areas and quantities of animal husbandry.

Basic Data
Energy Consumption
35. In 2016, the energy consumption in Shandong Province was 387,228,000 tons of standard coal. In fossil fuel consumption, coal consumption accounted for 76.87%; petroleum products consumption accounted for 16.27%; natural gas consumption accounted for 3.39%; the above-mentioned varieties of energy consumption accounted for 96.53% of the primary energy consumption.

Table 1. 2016 Shandong Energy Consumption Composition

	Fossil Fuel Consumption
	Million-ton Standard Coal
	Percentage in Total

	Coal
	29.77
	76.87%

	Petroleum Products
	63.00
	16.27%

	Natural Gas
	13.13
	3.39%

	Renewable Energy (Hydro, Wind Solar, etc)
	13.44
	3.47%

	Total
	38.72
	100%


Energy Production
36. In 2016, the total energy production in Shandong Province was 136,779,500 tons of standard coal, 94,892,200 tons of which were produced from raw coal, accounting for 67.68%; 32,790,100 tons from crude oil, accounting for 23.39%; the two together accounted for 91.07% of the primary energy production; and 561,100 tons from natural gas, accounting for 0.40%.

Table 2. 2016 Shandong Energy Production Composition

	Fossil Fuel Production
	Million Ton Standard Coal
	Percent of Total

	Raw Coal
	94.89
	72.70%

	Petroleum Products
	32.79
	25.12%

	Natural Gas
	.56
	0.43%

	Renewable Energy (Hydro, Wind and Solar)
	2.29
	1.75%

	Total
	136.78
	100%


Industrial Production Process

37. Cement and steel are major industries that contribute to emissions in industrial production process with cement output of 160,800,000 tons, crude steel 71,479,000 tons and steel 92,098,000 tons in 2016.

Agriculture

38. In 2016, the sown area of crops in Shandong Province was 10,973,160 hectares, with wheat as the main crops. Among the food crops, rice planting area that produced methane emissions was 105,760 hectares, accounting for 0.96% of crop sown area.
Carbon Emission Profile
39. Based on available data and acceptable emission factor, energy consumption and production activities in Shandong Province produced a total of 951,534,000 tons of carbon emissions (including converted methane emissions), accounting for 87.44% of total emissions. In the industrial production process, the carbon emissions were approximately120 million tons, accounting for 11.03% of the total emissions. The carbon emissions from agricultural production was approximately 16.7 million tons (converted by methane emissions), accounting for 1.54% of total emissions.
Table 3. GHG Profile of Shandong Province

	GHG Source
	Carbon emissions 
(Unit: Million tons)
	Proportion of total emissions (%)

	I. Energy activities
	951.53
	87.44

	1. Energy Production
	.53（CH4）/13.27(CO2)
	1.22

	1.1 Coal Mining
	.53（CH4）/13.27(CO2)
	1.22

	2. Energy Consumption
	938.27
	86.22

	2.1 Coal consumption
	78.58
	72.21

	2.2 Petroleum products
	131.04
	12.04

	2.3 Natural gas
	21.40
	1.97

	II. Industrial production process
	120.00
	11.03

	1. Iron and steel
	15.00
	1.38

	2. Cement
	45.00
	4.14

	3. Others
	60.00
	5.51

	III. Agricultural production
	.65（C4H）/16.71(C2O)
	1.54

	1. Rice production
	.02（CH4）/.57(CO2)
	0.05

	2. Livestock breeding
	.65（CH4）16.14(CO2)
	1.48

	IV. In total
	1088.24
	100%


Note: 1. In the calculation of the total amount of emissions, the conversion coefficient of methane and carbon was 1:25;

2. In energy production, crude oil extraction and natural gas extraction are not included due to the lack of public emission factor data but are not likely to cause significant difference in the proportions calculated;

40. From the profile, Energy activities are the main source of carbon emissions in Shandong Province, accounting for 87.44% of total emissions. Of which, energy consumption is a major source, accounting for 86.22% of total emissions in energy activities.

41. Energy consumption is dominated by coal and petroleum consumption which accounts for 72.21% and 12.04% respectively.

42. Emissions from industrial process are mainly from cement, iron and steel production, contributing 5.52% of industrial emission.

43. Methane is major greenhouse gas emissions from agricultural production which accounts for 1.54% of the total emissions after conversion to carbon dioxide equivalent. Among agricultural activities, major emissions are from livestock and poultry husbandry accounting for 1.48% of total emissions.
C. Major Emission Sectors

44. As energy activities and industrial process are identified as major sources of emissions, we further allocate emission sources into different sectors (following China’s sector classification) based on energy consumption and production statistics from Shandong Statistics Yearbook and Energy Balance Sheet. 

Industrial Sector

45. Industrial sector is the largest energy consumption sector, accounting for 76.48% of total energy consumption with sub-sectors including thermal power, heat supply, cement, and steel (Note: The above sector energy consumption statistics do not include consumption of electricity)

46. Thermal power: In 2016, the coal consumed by coal-fired thermal power in Shandong Province was 201,794,500 tons, and the estimated carbon dioxide emissions were 420,393,700 tons, accounting for 38.63% of the total greenhouse gas emissions.

47. Heat supply: heat supply includes industrial heat and central heating to building which consumed 52,120,600 tons coal, and the estimated emissions are 102,449,800 tons, accounting for 9.41% of the total greenhouse gas emissions.

48. Steel and cement: to reflect the whole picture, emissions from steel and cement include both emissions from energy consumption and industrial process. Therefore, emissions from energy consumption of steel and cement industry are 70,537,600 tons and 33,913,600 tons respectively. Further combining emissions from their industrial production processes, emissions from the steel industry were calculated to be 85,537,600 tons, accounting for 7.86% of the total GHG emissions. The cement industry's emissions are 78,913,600 tons, accounting for 7.25% of total emissions.

Transportation, Warehousing and Postal Services

49. In 2016, energy consumption in this sector is 21,926,000 tons of standard coal, and carbon emissions are calculated to be 45,607,000 tons, accounting for 4.19% of total emissions. A large proportion of energy consumption in this sector is from public transportation with 17,884,600 tons consumption of standard coal converted from petroleum, producing 37,988,300 tons emissions. It is also growing at a faster rate than other sectors.
Civil Sector(residential)

50. The total carbon emissions from civil sector are 32,387,600 tons, accounting for 2.98% of the total emissions. Private transportation emissions are included in this sector with 4,613,000 tons of gasoline consumed in 2016 with 13,493,400 tons of carbon emissions.
Table 4. Shandong CO2 Emission by Major Sector

	Sector
	Carbon Emissions (Unit: Million Tons)
	Proportion of Total Emissions (%)

	Coal-Fired Thermal Power
	420.39
	38.63

	Heat Supply
	102.45
	9.41

	Steel
	85.54
	7.86

	Cement
	78.91
	7.25

	Transportation, Warehousing and Postal Services 
	45.61
	4.19

	Civil Sector (residential)
	32.39
	2.98

	Total
	765.29
	70.32%


Note: The indirect emissions from electricity consumption of each sector are not included.

D. Adjusted Sector Emissions

51. The above sectors listed are in line with Chinese Standard Industrial Classification System, and in order to reflect the whole picture of transportation and building, we made further calculation and adjusted the sectors:

52. Combining public transportation and private transportation with a total emission of 51,481,170 tons, accounting for 4.73% of total emissions;

53. Taking central heating and building -based heating into consideration with data in Shandong “13th Five-Year Plan on Energy Efficiency in Buildings and Green Buildings”, energy consumption by building heating was converted to 39,870,000 tons of standard coal with estimated carbon emissions of 105,256,800 tons, accounting for 9.67% of the total emissions. This doesn’t include electricity consumed by building sector as electricity was calculated into thermal power.

Table 5.  Adjusted Shandong CO2 Emission by Major Sector

	Sector
	Carbon Emissions (Unit: Million Tons)
	Proportion of Total Emissions (%)

	Coal-Fired Thermal Power
	420.39
	38.63

	Building
	105.26
	9.67

	Steel
	85.54
	7.86

	Cement
	78.91
	7.25

	Transportation
	51.48
	4.73

	Industrial Heating
	38.46
	3.53

	Total
	780.04
	71.68


Note: 1. The emissions from various industries do not include indirect emissions from electricity consumption;

2. Transportation sector includes transportation of passenger, cargo, and private transport vehicles.
E. Key Investment Priorities

54.  Shandong GHG profile showed that energy activities and industrial production processes are the major sources of emissions. Coal-dominated generation and high levels of process emissions are the main contributors to emissions. In energy activities, Shandong Province has thus proposed to increase the proportion of low-carbon renewable energy supply. As to industrial process emissions, Shandong proposes to phase out excess and backward production capacity and accelerate transformation and upgrading of its industry by raising technical standards. According to local stakeholders, Shandong has implemented a number of energy efficiency improvement projects in the industrial sector with remarkable results. Major industry enterprises already operate at the advanced level in energy efficiency. Therefore, industry energy efficiency is not a priority at current stage. However, from the perspective of sector emission, there are 4 priorities.

Renewable Energy
55. Considering the big emissions from thermal power, more renewable energy will be developed to substitute coal consumption. With the goal set for renewable energy, we further estimate the investment volume.

Table 6. Shandong Renewable Energy Project Scale and Investment Volume

	Energy Type
	Scale in 2015
	Scale in 2020
	New Construction Scale
	Investment

(billion Yuan)

	Wind Power

Thousand Kilowatts
	7,215
	14,000
	6,800
	＞50

	Centralized Photovoltaic Power Generation

Thousand Kilowatts
	888
	8,000
	7,110
	＞81

	Distributed Photovoltaic Power Generation

Thousand Kilowatts
	442
	2,000
	1,550
	＞17

	Solar Thermal

Million Cubic Meters
	100
	140
	40
	＞60

	Agriculture and Forestry Biomass Direct-Fired Power Generation

Thousand Kilowatts
	0
	1,500
	1,500
	＞.6

	Garbage Generation

Thousand Kilowatts
	0
	700
	700
	＞3.45

	Biogas Power Generation

Thousand Kilowatts
	100
	100
	0
	＞12.0

	Biomass Molded Fuel Production

Thousand Tons
	500
	1,500
	1,000
	＞50.0

	Biomass Gas

Million Cubic Meters
	0
	1,100
	1,100
	＞81.0

	Shallow Geothermal Cooling

Hectares 
	3,000
	9,000
	6,000
	＞17.0

	Hydrothermal Heating

Hectares
	2,700
	5,000
	2,300
	＞60.0


Note: 1. The wind power industry is estimated based on onshore wind power investment of 7800 yuan/kW, and photovoltaic power generation investment is estimated at 1.14 US$/watt.
2. Investment in other industries was estimated from the representative projects in the corresponding industries in China. In this process, Shandong will develop renewable energy resources according to local conditions and resources. Shandong Province has abundant wind energy resources. Different models including offshore wind power will be explored and piloted, combination of wind with energy storage and distributed wind power; in addition, Shandong Province is among the most abundant provinces in biomass resources and develops biomass energy with leading technology which makes Shandong advantageous in the increase utilization of biomass in an early stage.

56. Increasing the supply of renewable energy also places higher demands on the capabilities of power grid facilities. According to the 13th Five-Year Plan of Shandong Electric Power Development, power system still lack capacity in peak load regulation. Moreover, it is difficult to adapt to the rapid development of renewable energy and large-scale grid connection; power supply capacity of the distribution network is still weak in some areas at certain times, and some old and overloaded equipment need to be upgraded. Therefore, low-loss UHV power transmission grids, smart grids, and pumped storage power stations that enhance the ability to regulate power grids will help Shandong Province increase the capacity of better using renewable energy power. At the same time, reduce the transmission loss of the power grid, and achieve the goal of energy conservation in the power grid.

Building Sector

57. Heating demands from building sector produced a large amount of emissions. If electricity consumption is included, such emissions will become bigger. As Shandong is promoting new green buildings, promoting application of various types of renewable energy in buildings are also a key priority which including the integration of solar thermal, geothermal applications and solar photovoltaic building applications. Especially geothermal, 17 cities in Shandong had widely distributed geothermal resources, therefore, shallow geothermal energy for heating and cooling, and the hydrothermal geothermal energy heating can be utilized.
Low-Carbon Public Transport

58. Transportation is not only a major source of carbon emissions but also a contributor to heavy pollutants. In 2013, Shandong’s comprehensive transportation network has reached 267,000 km with capacity of 2.7 billion in passengers which is No. 3 in China and 3.45 billion tons in cargo，ranking No.1 in China. Such big scale of public transport comes with big energy consumption and potentials in improvement. As is identified by the government, there is lack of connectivity among different transports which lowered efficiency of current network. Shandong will focus on building an integrated transportation system with seamless connectivity. At the same time, renewable energy consumption will be expanded in transport sector including highway service areas, new energy car charging stations and other facilities.

Industrial Heating
59. Based on interviews with local stakeholders, industrial heating will be a priority for energy saving in industry sector especially paper-making and dyeing which use hot water a lot. If solar is applied in the process, it will tremendously reduce energy consumed.

F. Analysis of Abatement Costs in Key Industries
60. This report estimated the amount of alternative fossil fuel energy for the newly added renewable energy capacity in Shandong Province.

	Type
	Alternative fossil fuel

（Million tons of standard coal/year）
	Carbon emission reduction（Million tons of standard coal/year）
	Cost abatement

（Yuan/ton carbon）

	Onshore wind
	3.70
	9.70
	265

	Offshore Wind
	
	
	545

	PV
	3.00
	7.83
	324

	Solar Thermal
	4.80
	12.67
	473

	 Biomass briquettes
	.50
	13.2
	45

	Hydrothermal geothermal（heating）
	.57
	15.2
	101

	Shallow geothermal 
	1.50
	3.96
	202


Note: 1. The cost abatement is calculated based on the carbon emissions reduction in the whole life cycle.

2. Designed life of wind power and photovoltaic projects are 20 years, and annual operating hours of wind power is 1,795 hours, the annual operating hours of photovoltaic power generation is 1,133 hours, and the designed life of geothermal energy heating projects is 15 years, biomass-molded fuel project 10 years, and solar thermal 10 years.
II. ADAPTATION PRIORITIES IN SHANDONG
A. Constraints of Shandong natural conditions 
61. Shandong is located on the eastern coast and the lower reaches of the Yellow River. It is one of the most densely populated areas in China with low per capita resources. Water shortage, coastal vulnerability and low level of forest coverage are identified by provincial level planning on addressing climate change and longer-term water resources utilization.

62. Water shortage is a major challenge of Shandong Province. It has total annual water resources of 30.3 billion cubic meters, only accounting for 1.1% of national total water resources, and a per capita water resource of 315 cubic meters, which is equivalent to only 1/6 of the national average per capita resources and only 1/24 of the world's per capita level. Under the United Nations’ definition, Shandong has a serious water shortage problem with less than 500 cubic meters per capita water resource.

63. Shandong has 3,000 kilometers of coastline, accounting for about 16.7% of the national coastline, which makes it more vulnerable to storms, red tides, seawater intrusion and other marine disasters. Coastal erosion further increases vulnerabilities of coastal cities.

64. In 2012, the forest reserves of Shandong province were 89.2 million cubic meters, and the forest greening rate was 20.2%. It is one of the provinces with a severe forest resources problem. Forest reserves are dominated by artificial forests with low age of stand which further reduces capacity in adapt to climate change.
B. Future Trend in Climate Change of Shandong Climate Change Trend in Shandong under Domestic Climate Model

65. China National Climate Center developed a climate model based on 23 world climate models in IPCC Fourth Assessment Report and assessed climate change trend in China with key data and conclusions available for provincial government to formulate their climate change action planning.

66. Based on modelling conducted for the “Implementation Plan of Shandong Province for Addressing Climate Change” study in 2009, identified key climate change trends are: increase in temperature and precipitation, continuous rises in both maximum temperatures and minimum temperatures as well as more frequent extreme climate events.

· Temperature change: compared with average temperature from 1961-1990, average annual temperature of Shandong province will rise by 0.5℃-1.3℃ by 2020, and 1.5℃-2.7℃by 2050 with obvious rise in northwest region of Shandong province.

· Precipitation trend: compared with average precipitation from 1961-1990, average annual precipitation of Shandong will increase by 3.0%-4.8% by 2020, and 9.5%-12% by 2020.

· Under climate change, extreme rainfalls once-in- thirty and fifty years will be more likely to occur.

Projected Heat and Precipitation under Different Climate Scenarios

67. There are some national studies which provide different scenarios of heat and precipitation change under different Scenarios. Certain implications of these studies are relevant to the Huang-Huai-Hai Plain where Shandong Province is located.

68. The result of “Projected Regional Difference of the Rainfall with Different Intensities and Their Contribution to Total Rainfall under the RCP6.0 Scenario in China during 2006-2100” led by China Meteorological Administration predicted the spatial distribution of different intensity rainfall and changing trends in China under RCP6.0 medium emission scenario. Shandong is among the regions with increasing occurrence of moderate rain, heavy rain and total precipitation; and Eastern China, including Shandong, will be exposed to intensified heavy rain.

69. “Regionalization of Integrated Environmental Risk of China Under Future Climate Change” study conducted by the Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences assessed risks and vulnerabilities of China（2071~2099) in terms of agriculture crop production, ecological system, high temperature and heatwave under RCP2.6, RCP4.5, RCP6.0 and RCP8.5. The model predicted that, in the 2071-2099 period, Huang-Huai-Hai regions including Shandong will be among the regions that are most exposed to high agriculture and heat risks and vulnerabilities. 

Existing Impacts of Climate Change on Shandong
70. Assessment on existing impacts which will further exacerbate under climate change trend of climate change was also done by Shandong Province.

71. With temperature rise and frequent droughts and floods, agriculture production became more and more unstable, and extreme events will cause damage to agriculture infrastructure. 

72. Climate change has already caused a reduction in the total amount of water resources, surface water runoff in particular has been significantly reduced. Such impacts have led to over exploitation of groundwater which has exposed 33 cities in Shandong to extreme water shortage. Rise in precipitation and extreme events, combined with uneven spatial distribution of rainfall, will result in increased frequency of floods and droughts. 

73. Sea level of Shandong province registered an average annual increase of more than 2 mm with an increasing trend. Areas at risk of coastal erosion extend over 1,200 km and the areas at risk are growing. At present, coastal salinized ground in Shandong covers 1.4 million ha., accounting for 8.9% of the total. Under future climate change trends, sea level will continue to rise and the impacts of storms, storm surge and coastal erosion are likely to be further intensified. 

C. Regional Exposure to Disasters in Shandong Related to Climate Change

74. Along with existing impacts in agriculture, water and coastal related to climate change, Shandong is one of the provinces that frequently and severely impacted by climatic disasters. Since 2000, disasters including blizzards, rainstorms, cold waves, drought and floods and derivative disasters have resulted in an annual economic loss of about 1%-3% of GDP and an annual direct losses accounting for more than 90% of that from natural disasters. During 2010-2015, about 83.69 million people were affected and 524 thousand houses were damaged in major disasters including flood, drought, hail storm, typhoon and snow, resulting in a direct economic loss of nearly 65.5 billion yuan.

75. Building capacity for disaster warning and relief is major adaptive measure in China which entails a disaster zoning assessment. This is based on past disasters and damages and identifies the sensitivity and vulnerability of regions in relation to climate change trends derived from modelling as set out above. China has also begun to assess the vulnerability of cities to extreme events and climate disasters in the form of disaster zoning aiming to identifying exposure, designating disaster hot-spots and coming up with adaptive measures to mitigate the potential impacts. Local provinces are also required to map and assess disaster vulnerabilities as part of formulating local climate adaptation policies.  

76. There are some existing studies on disaster zoning of Shandong province based on provincial and city specific data of historical climate events, socio-economic statistics and GIS mapping tool. Among them, studies done by Shandong Meteorological Agency and Yantai Institute of Coastal Zone Research, Chinese Academy of Sciences are important as they serve as major references in local climate adaptation strategies and policies. Based on these studies and interviews with local Shandong experts, the study has made the following conclusions in respect of disaster frequency, intensity and impacts: 
Drought occurred more frequently in dense urban areas and agriculture-dominated regions. 

77. Droughts frequently occur in North Shandong, West Shandong and Southwest Shandong regions (mainly Dezhou, Binzhou, Dongying, Weifang, West Yantai, Liaocheng, Jining with a total population of 6.9 million to be potentially impacted). Central Shandong and Jiaodong Peninsula witness relatively low frequency of droughts, but the Northwest and East areas of the Jiaodong Peninsula are also plagued by droughts during summer seasons. 

78. Drought disasters adversely affect agriculture production and water supply while disaster mapping indicated high convergence of drought occurring with dense population, high agriculture GDP and in the above-mentioned regions which means that these regions have high exposure to drought with higher damage expected. Such conclusion is in concurrence with the opinion of local stakeholders.

79. Dense population in cities drastically increases the demands on water suppliessources especially in times of drought. Agriculture has a large demand for water. It takes up half of total water consumption in Shandong with irrigation as the major consumer. 

Flood disasters tend to dramatically aggravate in multiple regions, with increasingly complex hazard characteristics
80. The spatial distribution of severe rainstorms and flooding concentrated in Central Shandong, Southeastern Shandong, and the Peninsula (mainly in Jinan, Tai’an, Linyi, Rizhao, Yantai, Weihai with a total population of 8.2 million that may be exposed to flooding). Regions expected to be impacted by heavy rainstorms and flooding are expanding northward which will cover Yantai, Rizhao and Jinan as well as Binzhou and Zibo.

81. Such an aggravating trend is confirmed by local meteorological bureaux as rainstorms are much heavier than before.Existing studies also identified that flooding had caused the biggest loss and biggest number of people impacted.

82. If rainwater cannot be absorbed, stored or retained before it accumulates to large rivers, the resultant high flows carry large amounts of pollutants into the coastal waters, causing damage to the coastal water environment, aquatic ecology, and aquaculture industries.

Frequency of extreme temperature events in Shandong Province is higher than average rate across the nation and in northern region

83. Frequency of extreme high temperature events in Shandong Province is more significant. Jiaodong Peninsula region witnesses a high frequency of extreme high temperature, especially in Qingdao, Yantai and Weihai with a total population of 5.2 million.

84. According to local meteorological bureaux, there is also an obvious trend of temperature rise in the lowest temperature, especially in coastal cities indicating a warming (and therefore a drying trend) in Shandong Province.

Storm Surge and other major impacts on coastal cities

85. Coastal cities in Shandong are highly exposed to storm surge. According to latest Comprehensive Risk Map of Marine Disaster Across the Country released by the Ministry of Natural Resources, coastal areas along Laizhou Bay are very susceptible to extratropical storm surge. Major cities along Laizhou bay are Dongying,Weifang and Laizhou with a permanent population of 12.4 million. 

86. At the same time, Coastal cities also faced with seawater intrusion and soil salinization. Seawater intrusion and soil salinization are most prominent in Binhai district and Hanting district of Weifang and other 2 municipalities under Weifang, namely Shouguang and Changyi with monitored offshore intrusion distance of 12-25 kilometers and monitored offshore salinization distance in Hanting district is 16 kilometers. A total population if 2 million might be affected in these regions. 

87. These facts add more weight to assigning the Laizhou Bay and the Jiaodong Peninsula as a focus of climate vulnerability in the Province. 

D. Key Vulnerabilities and Adaptation Priorities
88. Considering future climate change trends, frequency and intensity of climatic disasters will require further investment in adaptive capacity in several priority sectors. 

Water Infrastructure for Agriculture

89. As discussed above, floods and drought have had severe impacts on regions which are important for agriculture. These conclusions are in concurrence with all available studies.Therefore, water facilities are crucial for increasing water utilization efficiency and for resilience in the face of worsening floods. 

90. Shandong has built a sound water facility system including irrigation infrastructure, water conservancy projects, and flood and waterlogging prevention systems based on 1980s-1990s standards. These are no longer adequate in the face of changing climatic conditions. Therefore, more investments are needed in water-saving irrigation and water conservancy facilities to increase irrigation efficiency, to enhance water logging control and to store water resources. Such investments should focus on small-sized water conservancy projects with low investment, short construction period, and with simple, efficient designs for construction and operation in rural areas.
Infrastructure of flood and drought control

91. Changes in patterns of floods and drought already seriously impact densely populated cities in Shandong and modelling suggests that future impacts will be more intense and frequent. This will pose a significant threat to the lives and livelihoods of millions and thus requires investments in higher capacity in city drainage and water supply systems. In particular, adaptation investments should target infrastructure that can effectively reduce impacts from floods (including silt accumulation) and drought. 
Flood Defense infrastructure

92. According to the "Thirteenth Five-year Plan for Water Resources Development in Shandong, total length of all types of existing dikes is 30118.3 km(one-way), among which, only 15795.8km can meet disaster resistance standards set for river dikes and seawalls. There are still more than 8,000 km of river-way, and 1,000 km of coastal are without needed dike protection. In addition, more than 40% (out of 656) large and medium-sized sluices are flawed (either built with low standards or lack needed maintenance). Defective infrastructure will further expose cities to flooding, therefore, new infrastructure with high standards and existing weak infrastructure reinforcement are to be targeted.
City Drainage and waterlogging prevention facilities

93. City drainage and waterlogging prevention infrastructure is the first screen of cities in face of flooding and are key to ensure the normal operation of a city and protect people's life and property. With the rapid urbanization, population growth and expansion of urban built-up areas in Shandong, corresponding capacity are urgently needed in drainage and waterlogging prevention facilities.

94. According to "the Thirteenth Five-year Plan on urban drainage and waterlogging prevention facilities "in Shandong, conditions of current city drainage are: 1) per capita length of drainage pipes (including rainwater and sewage conduit) of 45 cities in Shandong is 1.8m, which is far less than 4m in developed countries; 2)there are still a number of rainwater pipe networks with a designed recurrence interval of less than 1 year in many cities, and 70% of rainwater pipe networks have a designed recurrence interval of less than 2 years; 3) the drainage capacity of most sinking overpasses are inadequate to resist heavy rains and lack supporting facilities as pumping station and regulating storage tank.

95. Therefore, adaptive capacity should be enhanced in terms of increasing standards of pipelines and realizing separation of rainwater and sewage water pipelines, reducing flooding risks of lower-lying parts of cities especially sinking overpass. Key projects may include upgrade and construction of rainwater pipe network, rainwater pumping station and rainwater paths and spill ways as well as storage facilities. 

Table 7: Planned Drainage Construction and Estimated Investments in Shandong
	Project Type
	Scale
	Investment (billion yuan)

	Rainwater pipe upgrade and construction 
	4584 km
	8.8

	Rainwater pumping station upgrade and construction
	461 m³/d
	1.6

	 Rainwater paths and spillways upgrade
	933 km
	12.0

	New storage facilities construction
	385 m³/d
	3.8

	Total 
	
	26.2


Water supply facilities

96. As an important part of the water supply system in a city, water supply network has the functions of water lifting, transportation, storage, adjustment and distribution. Although Shandong’s water supply has covered 99% population in cities and 97% in towns, under estimation of Shandong government, water supply may serve a population of 47.652 million in cities (counties) of Shandong by 2020 with total urban water supply reach 5,687 million m³, an annual increase of 1,193 million m³total water supply and 3.2673 million m³/d from 2016.

97. Adaptive capacity is centered on ensuring quality of water supply, reducing leakage and ensuring supplies in drought events. Thirty-five-year plan of Shandong on water supply listed the following tasks.

Table 8: Shandong water supply facilities construction and investment

	Description
	Scale
	Investment (billion yuan)

	New municipal water supply plants
	3.402 million m³/d
	5.10

	Upgrade of existing municipal water supply plants
	4.923 million m³/d
	3.94

	New municipal water supply network
	4,265 km
	4.20

	Upgrade existing municipal water supply network
	4,082 km
	4.05

	Total
	
	17.29


Urban underground utility tunnel

98. Underground utility tunnel serves to ensure smooth operation "lifelines" of a city and will facilitate the concentrated control over different lifelines to avoid its impacts from major disasters. According to Shandong planning, it will complete 800 kilometers tunnel by 2020. In the end of 2015, 209 kilometers tunnel were built. According to the estimation in Shandong Province, the cost of urban underground utility tunnel is as high as 80 million to 100 million yuan per kilometer. 
Sponge City

99. As flood, drought and extreme high temperature identified to have major impacts on Shandong in relation to climate change, sponge city construction will increase adaptive capacity not only in resist floods and supplement underground water, but also mitigate heat from extreme high temperature. Shandong has issued “Guidance Opinion on Promoting the Implementation of Sponge City” and set a quantitative goal that over 75% rainwater can be drained and eliminated on spot, Cities are also required to have 25% of its areas with no stagnant water during light rain, no waterlogging during heavy rain mitigated heat island effect by 2020 as qualitative goals, and such proportion of areas in cities are further required to achieve 80% by 2030. According to Shandong government, scale of sponge city construction will be 1,588 km with estimated investment of 31.8 billion Yuan.

100. At present, relevant construction rules and assessment indicators are released by the MOHURD, which include 6 categories, 18 indicators with the specific requirements and assessment methods. (See Appendix 2)

Coastal zone protection

101. Jiaodong Peninsula is identified as hot-spot for disasters related to climate change. Considering long coastlines along the Peninsula, it is more sensitive and vulnerable to marine meteorological hazard. 

102. Coastal erosion, seawater intrusion and soil salinization come along with sea level rise. Over 1200 kilometers coastlines in Shandong are eroded, accounting for nearly half of total coastlines and such erosion is expanding. With sea intrusion, coastal saline land area reached 1.4 million hectares, accounting for 8.9% of the total land area.

103. Therefore, coastal remediation especially cities already had severe erosion, is a priority including investment in embankments with high standards and seawater intrusion prevention and ecological rehabilitation in areas of bays and river mouths are key defenses to mitigate impacts. Interviews with local stakeholders also reflected that defenses against coastal erosion should enhanced by sea embankment.

City Landscaping
104. The increasing annual rate of extreme high temperature events in Shandong Province and the fast growth of economy and population have combined to exacerbate the heat island effects in low-lying cities, but the city landscaping is capable of reducing city temperatures and relieving heat island effect. 

105. Expand green areas making use of existing infrastructure including roofs, bridges, bus stations and parking lots, which is also encouraged by Shandong government. At the same time, city ventilation tunnel is also encouraged to mitigate heat island effects and solve environmental pollution. 
III. POLLUTION CO-BENEFITS FOR PRIORITY INVESTMENT
106. During the “13th Five-Year Plan” period, Shandong Province set binding targets of four pollutants reduction including sulfur dioxide, nitrogen oxides, chemical oxygen demand and ammonia nitrogen, which are in line with national binding targets for pollutants reduction. Addressing pollution issues will be achieved by implementing mitigation priorities as there is high convergence between reducing carbon emissions and alleviating pollutant emission. 

107. Coal-dominant energy consumption and a focus on heavy industry not only cause big carbon emissions but also heavy air pollution. In 2016, the total amount of sulfur dioxide emissions in Shandong Province was 1.135 million tons, ranking first in the country, of which industrial SO2 emission was 865,000 tons, accounting for 76.21% of the total emissions. Sulfur dioxide emissions per 10 thousand yuan of industrial value added was 8. 7 kg, which is significantly higher than provinces of comparable economic development such as Jiangsu (4.99 kg), Guangdong (3.52 kg), and Zhejiang (6.09 kg) provinces. 

108. Transportation is another major source for both carbon emission and pollution. Shandong has more than 23 million motor vehicles including more than 1.67 million diesel vehicles and 700,000 heavy-duty diesel vehicles (not including motorbikes and electric bicycles), all ranking first in the nation. Volume of road freight in 2016 ranked the second in the nation and surpassing the total road freight volume of Beijing, Tianjin and Hebei. It is estimated that the emission of nitrogen oxides from vehicles was 413,000 tons, exceeding the emission from power industry (358,000 tons) and became the largest nitrogen oxide emission sector, and that emission from vehicle also ranked second in the nation.

109. Such pollution issues resulted in Shandong province being included in actions required to combat air pollution in Beijing-Tianjin-Hebei region. 7 cities of Shandong including Jinan are named as focal pollution transmission cities. This means that they must implement strict harsh measures to address pollution. Investment priorities proposed to address this issue are renewable energy and low carbon transport. These measures will contribute not only to carbon emission reduction but bring co-benefits to reduce major pollutants in the Province and contribute to air quality improvement across the northeast of China. 

110. The study team calculated sulfur dioxide and nitrogen oxide emission reduction from planned renewable energy development scale.

Table 9: Pollution co-benefits of Planned Renewable Energy Capacity

	No.
	Renewable Energy Type
	Sulfur dioxide reduction（1,000 tons per year）
	Nitrogen dioxide reduction

（1,000 tons per year）

	1
	Onshore wind
	1,510
	320

	2
	Offshore Wind
	
	

	3
	PV
	1,230
	260

	4
	Solar Thermal
	1,960
	410

	5
	 Biomass briquettes
	200
	40

	6
	Hydrothermal geothermal（heating）
	240
	50

	7
	Shallow geothermal 
	610
	130


111. During the “Thirteenth Five-Year Plan” period, the building sector has an energy saving potential of 31.07 million tons of standard coal, which is expected to indirectly reduce the production of 665,000 tons/year of sulfur dioxide and 265,000 tons/year of nitrogen oxide pollutants. Considering that the pollutants generated by the energy consumption unit will be treated by the terminal treatment facilities, the pollutants generated are not all discharged into the environment. Therefore, the actual reduction of sulfur dioxide pollutants emitted into the atmosphere will be 67,000 tons/year and 93,000 tons/year for nitrogen oxides. Accounting for 16% and 24% of the sulfur dioxide and nitrogen oxides emission reductions targets set by Shandong Province during the 13th Five-Year Plan period respectively.

112. Promoting new energy vehicles and higher energy efficiency and emission standards and encouraging public transportation will reduce the emissions of nitrogen oxides in the transportation sector. As most private vehicles reached National-V standards (which is roughly equivalence to EURO 5 standards) through compulsory policy enforcement, 970,000 vehicles of public transport (including passenger and freight) vehicles in Shandong Province will be either replaced by NEV or lower emissions through upgrade, which is expected to reduce nitrogen oxide emissions by 40%, and it is expected to bring 115,000 tons nitrogen oxides /year.

113. Proposed adaptation priorities in defense infrastructure, sponge city and city drainage systems will prevent overflow pollution during rainfall, especially combined overflow sewage which contains many kinds of pathogenic bacteria, nitrogen and phosphorus as well as high-concentration solid particulate pollutants causing black and odorous water in cities.
IV. CONCLUSION
114. The key conclusions from the analysis conducted in mitigation and adaptation are:
For Mitigation

115. Support renewable energy including wind, solar, biomass and geothermal etc. Coal-based energy consumption is the main source of carbon dioxide greenhouse gas emissions in Shandong Province. With the rapid economic and social development, energy demand in Shandong Province will continue to grow. Therefore, replacing coal consumption with renewable energy, and improving the capacity of power grid facilities and energy storage facilities to increase access of renewable energy are vital to realize paradigm shift and low-carbon development in Shandong. This is also consistent with Shandong's medium and long-term development planning to achieve its goal of carbon emissions peak by 2027.

116. Green Building. Although the consumption of electricity is not considered, the carbon emissions of the building sector still account for a relatively high proportion. In the future, with the acceleration of the urbanization process in Shandong Province, the building area will continue to expand, and the heating demand will also increase, with even more energy consumption needs. While Shandong requires new buildings to meet energy efficiency standards, supporting retrofits of existing buildings in heating and cooling system and renewable energy applications in existing buildings will reduce emissions in the building sector.

117. Low carbon transport. Supporting new energy vehicles, bus rapid transit corridors and urban slow-moving systems (walking, bicycles, e-scooters) can not only reduce emissions from oil consumption, but also significantly reduce pollutant emissions in the transportation sector. In addition, some green transport infrastructure combined with ecological protection will bring adaptation benefits, such as the ecological restoration of transport infrastructure and green transport corridors.

For Adaptation
118. Agricultural infrastructure. Shandong has a large population and it is also an important agricultural production base in China. Disasters caused by climate change have resulted in less stable agricultural production, coupled with water shortages, which further threaten food security and supply. Therefore, improvement in agricultural infrastructure will not only address water shortage but also vital for food security.

119. City adaptation infrastructure. Major adaptation priority is to increase capacity and resilience of urban lifeline systems such as water supply, drainage, power supply, gas supply and communications. It is also worth considering that city underground integrated corridors will further enhance the lifeline system's ability to resist disasters. In addition, the sponge city is also important to alleviate water shortage and groundwater over-exploitation, as well as damages caused by the uneven distribution of rainfall.

120. Coastal protection. Because Shandong has a long coastline and Jiaodong Peninsula is a hot spot for climate disasters, coastal protection and restoration will improve the resilience and adaptability of Shandong coastal cities and reduce the impact of rising sea levels on the population of coastal cities.

121. In terms of the portfolio composition, mitigation priorities can be determined by the level of CO2 produced annually and adaptation priorities can be determined by the numbers of people at risk from adverse effects. More sophisticated assessments of adaptation-related risks are theoretically possible, but with current models and data attempting to utilize these would involve making detailed assumptions with high degrees of uncertainty. In addition, in accordance with GCF policy and the recommendations of stakeholder consultations assessing the relative subjective priority of attaining mitigation cobenefits (pollution reduction) and adaptation-related risks, a target allocation of 25% was established for adaptation investments. The resultant target portfolio allocation is shown in the following table.

Table 10
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Mitigation 

Sector

Carbon Emissions 

CO2e Mtonnes

Percent Adaptation 

Sector

Potential 

Beneficiaries 

Millions

Percent

Power 420.3936 51.22%Flooding 8.2 5.91%

Green Building 105.2568 12.82%Drought 6.9 4.97%

Transportation 51.4817 6.27%Coast 14.4 10.37%

EE 38.4568 4.69%Heat/ Greening 5.2 3.75%

Check totals 0.75 0.25
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Appendix 1 Local Stakeholders interviewed:
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Ecology Institute of Shandong Academy of Sciences
Center of Carbon Development and Carbon Trading Management of Shandong
Shandong Provincial Department of Environmental Protection
Shandong Provincial Meteorological Bureau
Shandong Provincial Economic and Information Committee

Appendix 2 Sponge Cities Adaptation Investment Indicators

	Categories
	No.
	Indicators
	Requirements
	Methods

	I. Water Ecology
	1
	Annual total runoff control rate
	The total amount of runoff generated by local rainfall meets the annual total runoff control requirements stipulated in “the technical guide for sponge city construction”. If the rainfall is lower than the control rate of annual runoff volume, rainwater must be storage in the sponge city construction area.
	According to the actual situation, installing metering device and the rainfall monitoring device in the land rainwater drains, the key network nodes, continuously (no less than a year not less than 15 minutes, monitoring frequency/time) monitoring; Based on the rainfall data, relevant design drawings, on-site investigation, facility scale and connection relationship provided by the meteorological department, and making related analysis, carrying out through model simulation analysis if necessary.

	
	2
	Ecological shoreline restoration
	On the premise of not affecting the safety of flood control, ecological restoration is carried out for the shoreline of urban river and lake system and the natural canal with cover plate, so as to meet the requirements of “blue line control” and restore its ecological function.
	Check related design drawings, planning, on-site inspection, etc.

	
	3
	The ground water level
	The average annual groundwater level remained stable, or the downward trend was significantly curbed, and the average decrease was lower than the historical period (due to seasons).

Areas with annual rainfall of more than 1000mm will not be evaluated. (not involved)
	Check groundwater level monitoring data.

	
	4
	Urban heat island effect
	The intensity of the heat island was relieved. the average temperature of Sponge urban construction area in summer (by 6 to 9 months) is not higher than the average daily temperature in other parts in the same period, or with the same period with regional history (excluding natural temperature change) than a declining trend.
	Consult meteorological data, can pass infrared remote sensing monitoring evaluation.

	II Water Environment
	5
	Water environmental quality
	No ‘black smelly water’ is existed. The water quality of river and lake water system in the construction area of sponge city is not lower than that of category IV of ‘surface water environmental quality standard’, and it is better than that before the construction of sponge city. When there is incoming water from upstream through the sponge city’s urban inland river system, the main index of downstream section should not be lower than incoming water index.
	To entrust a testing institution qualified for metrology certification to carry out water quality testing.

	
	
	
	The water quality from ground water monitoring points is not lower than that of category III of the groundwater quality standard or before the construction of sponge cities.
	To entrust a testing institution qualified for metrology certification to carry out water quality testing.

	
	6
	Control of urban non-point source pollution
	The effluent pollution of rainwater runoff and combined pipes& canals have been effectively controlled.1. Rainwater pipe network shall not directly discharge sewage into water ecosystem;2. During the non-rainfall period, no direct discharge water of sewage in the combined flow canal is allowed;3. If rainwater is discharged into urban river system through direct drainage or combined drainage canal, ecological management shall be adopted to ensure that the water quality of river and lake water system in sponge city construction area is not lower than that of ‘class IV the surface water.’
	Check the discharge outlet of the pipe network, assist with necessary flow monitoring methods, and entrust the testing institution with metrological certification qualification to carry out water quality testing.

	III. Water Resources
	7
	Sewage reuse
	In cities where the per capita water resources are less than 500 cubic meters and the quality of water environment in urban areas is lower than class IV standards, the utilization rate of sewage recycling shall not be less than 20%.Reclaimed water, including sewage after treatment, by pipeline and distribution facilities, such as water wheel transmission used in municipal miscellaneous, industry, agriculture, garden green land irrigation water, and treated with artificial wetland, ecological way, main indexes reach or exceed the surface tail ‘water IV class requirements of sewage plant’.
	Statistics of sewage utilization rate and sewage disposal amount in sewage treatment plant (regenerated water plant, reclaimed water station, etc.).

	
	8
	Rainwater utilization rate
	Rainwater collection and used in road, garden green land irrigation, municipal miscellaneous amount of rain water, industrial and agricultural production, cooling, etc. (calculated on year, not including into the landscape, water, rain water and natural infiltration of rain water), with the average annual rainfall in the ratio(mm); Or the proportion of tap water replaced by rainwater consumption. Achieve local goals based on the actual situation.
	Check the corresponding measurement device, measurement statistic data and calculation report, etc.

	
	9
	Network leakage control
	The leakage rate of water supply pipe network is not higher than 12%.
	Check related statistics.

	IV. Water Safety
	10
	Prevention and control of urban rainstorm and waterlogging disaster
	The total elimination or significant reduction of historical water accumulation points, or significant reduction of water accumulation under the same rainfall conditions. Urban waterlogging has been effectively prevented and meets the standards stipulated in ‘the outdoor drainage design specification'.
	View rainfall records, monitoring records, etc., and use models to assist judgment when necessary.

	
	11
	Drinking water safety
	Drinking water quality meet the national standard requirements: with surface water as water source, water level reserve the Ⅱ class standard of ‘surface water environment quality standard’ and the drinking water supplement and specific requirements of the project, the secondary reserve water quality reach the Ⅲ class standard of ‘surface water environment quality standard’ and the drinking water supplement and specific project requirements. For groundwater, water quality reach the requirements of the groundwater quality standard Ⅲ class standard. Tap water from waterworks, pipe network water and tap water meet the requirements of ‘hygienic standards for drinking water.’
	Check the water quality test report of water source and water quality test report of tap water factory.

The test report shall be issued by a qualified testing unit.

	V. System Construction and Implementation
	12
	Planning and construction control system
	Establish the management system and mechanism, and sponge city construction planning (land transfer, Construction land planning license Construction project planning license Project site selection opinion), construction (construction drawing review, completion acceptance, etc.).
	Check the detailed regulations, relevant laws and regulations, policy documents, etc.

	
	13
	Blue line, green line delimits and protect
	Define blue line (urban river scale) and green line (public green space scale) in urban planning and formulate corresponding management regulations.
	Check the local city planning and related regulations and policy documents.

	
	14
	Technical specification and standard construction
	A relatively sound and standardized technical document can guarantee the smooth implementation of local sponge city construction.
	Check local sponge city engineering technology, design and construction related standards, technical specifications, atlas, guidelines, guidelines, guidelines, etc.

	
	15
	Investment and financing mechanism construction
	We will formulate the institutional mechanism for investment and financing and PPP management of sponge city construction.
	Check the related policy documents.

	
	16
	Performance appraisal and incentive mechanism
	1. For sponge city construction projects that attract social capital to participate, it is necessary to establish performance appraisal mechanism that pays by effect, and incentive mechanism related to the construction effect of sponge city, etc.;

2. For the sponge city construction project invested, operated and maintained by the government, a responsibility implementation and assessment mechanism related to the construction effect of sponge city shall be established.
	Check the related policy documents.

	
	17
	Industrialization
	To formulate preferential policies to promote the development of related enterprises.
	Check the policy documents, research and development situation and industrial base construction.

	VI. Display Degree
	18
	Serial demonstration effect
	More than 60% of sponge city construction areas meet the requirements of sponge city construction, forming the overall effect.
	Check the planning and design documents and related project completion acceptance data. On-site inspection.


� “Climate Change Estimation Data Unit” published by National Climate Center





