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Executive Summary 

1. Coal mining has been the major industry in the East Heilongjiang cities of Hegang, Jixi, 
Qitaihe, and Shuangyashan. The economy of those cities is seriously affected by lower coal 
productivity and coal prices that are caused by both energy policy changes in China and depletion 
of coal reserves in the east Heilongjiang sub-region. Reviving and transforming the economy of 
those coal cities are a priority policies of national, provincial, and city level governments in the 
future years. The Heilongjiang Provincial Government has requested ADB to support the 
economic transformation of coal cities.  

2. The proposed ADB project will support the economic transformations of the project cities. 
The project has five outputs: (i) inclusive capacity in business development services and 
integrated project planning and management developed; (ii) sustainable SME investment and 
access to finance in project cities improved; (iii) Key infrastructure and SME facilities in non-coal 
industrial parks in project cities constructed; (iv) remediation and environmental cleanup from 
mining impacts in project cities improved; and (v)  integrated urban infrastructure and services in 
project cities improved.  

3. Infrastructure planned in those five outputs are consistent with the Heilongjiang provincial 
government plan for the economic transformation of four coal cities as well as Master Plans of 
those four cities. The proposed infrastructure is ranging from roads and bridges, water treatment 
plants and supply networks, wastewater treatment, stormwater drainage sewerage water 
pipelines, river rehabilitation, public transport, and service centres and so on. Those are vital in 
reviving and transforming the economy of those coal dependent economies in east Heilongjiang 
sub-region.  

4. Developing such wide range of infrastructure is inevitably facing climate change 
challenges. Based on CMIP5 global climate model projections, the temperature and precipitation 
will increase 2.5°C and 3.3°C, and 9.8% and 11.5% in ~2050 in comparison with baseline period 
1961-1990 in east Heilongjiang sub-region under the low and high scenarios, respectively. It is 
also projected that frequency and intensity of extreme weather events will also increase 
significantly. Those may include severe snow and rainfall storms, drought and floods caused by 
greater inter-annual and seasonal climate variability. Therefore, it is important to assess the 
climate risks to proposed infrastructure of this project as well as integrating sufficient proofing 
and/or adaptation measures to the final project design. Furthermore, it is also important to carry 
out a more general climate risks and vulnerability assessment to regional economy of east 
Heilongjiang sub-region as well as relevant provincial and city level economic policies and plans. 

5. Climate change is likely to affect many sectors of the regional economy in the sub-region. 
Agriculture is one of the major sectors to be affected by changing temperature and precipitation 
regimes. For example, new crop and/or varieties may be required to be adopted to maintain or 
improve productivity. Changed temperature and precipitation regime may cause changed 
insects/disease patterns and cycles that required improved control measures. Extreme weather 
events may cause damages to crops, agricultural infrastructure and so on. Other sectors, such 
as transport and logistics, are also vulnerable to increased intensity and frequency of severe snow 
and storm events. Another issue is that pillar industries of the sub-region are mostly high GHG 
emission industries. There is a risk that such industries may be restricted by national and 
provincial policies in the future. Therefore, the priority of economic transformation should be given 
to those more environment-friendly and sustainable industries.   

6. Another issue is the regional water resources. Many provincial government proposed 
alternatives industries are closely relating to available water resources, such as irrigation 
development and coal-fired power stations. Although the projected precipitation is likely to 
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increase in the region, the available water resource is still likely to be a limiting factor to the 
regional economy because of the increases inter-annual variability and increased evaporation 
caused by rising temperature. Resilience can be built by developing integrated regional water 
resource management, with consideration on climate change cause potential changes in water 
resource.    

7. Flood is an issue of the sub-region, which are not only caused by local intensive 
precipitation but also from upstream of the Songhua River or the Heilongjiang River when 
intensive precipitation falls in upstream catchments of those rivers. There are also several river 
rehabilitation project components in the ADB project. Therefore, hydrological and hydraulic 
models have been developed to address the flood and stormwater drainage issues.  

8. Based on rainfall runoff and hydraulic modelling results, the height of river levees is raised 
for 0.1m than the initial design of FSR for river rehabilitation works in Hegang and Jixi. 
Conservation measures on both sides of river banks are also included in the design, which is 
considered as a dual benefit activity to climate change, which is not only conserving river bank 
areas from erosion caused by floods and severe storms but also a mitigation measure as those 
trees and plants are also reducing GHG.  

9. Because of increased intensity of rainfall or severe storms, an extra 10% of draining 
capacity is also designed for road surface drains and culverts of road works, stormwater drainage 
pipelines, and other drainage related works to ensure infrastructure is not flooded during severe 
storm events. However, it is also recognised the design standard for those cities are fairly low. 
Unlike river rehabilitation requirements of recurrence periods of 20 and 50 years for small 
tributaries and rivers respectively, those drains, culverts, and pipelines are designed only for a 2 
years recurrence interval. Based on the Sponge City concept, the PRC government requires more 
green fields in the roadside and residential areas to retain more stormwater instead of building 
large drainage pipelines. Therefore, more roadside and urban conservation areas are designed 
in the projects, which is again dual benefit activity to climate change.  

10. The rising temperature will cause increased water consumption from households, 
industries and all other urban services. This will also cause increased volumes of sewerage and/or 
wastewater in cities and industrial parks. Therefore, a 5% of increases are designed for the water 
treatment plants, wastewater treatment plants, and water supply and sewerage and wastewater 
pipeline networks. The increased sewerage pipeline size is only designed for the future increased 
water consumption rather than stormwater because they are separated networks in the design. 

11. Improved drainage systems are also included in the smart transport project component in 
the process of building bus lanes, bus stop bays, and non-motorised vehicle lanes. This is 
because the existing road drainage system was not sufficiently designed and built. Improving 
such drainage networks s also an important adaptation activity. 

12. Energy saving measures are designed in all relevant project components. For example, 
LED light systems are designed for all road and bridge project components and others such as 
service centre in Hegang and cultural plaza in Jixi. Extra insulation and other energy saving 
measures are also designed for these buildings and heating pipelines to reduce energy 
consumption. 

13. There are some significant adaptation and mitigation project components in this project. 
Those mining site remediation projects are mostly remediating the mining sites and/or waste rock 
piles and then planting trees and recovering the vegetation. The remediation works are mainly an 
adaptation activities whilst vegetation restore activities are dual benefit activities. The Qitaihe 
public transport is a typical mitigation activity by replacing the current diesel buses with electrical 
buses. The smart transport component of Hegang included some substantial adaptation by 
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improving the road drainage system but also a significant mitigation activity by encouraging usage 
of buses and non-motorised vehicles.  

14. The total climate finance investment for this project is $320.6 million. Climate mitigation is 
estimated to cost $148.6 million and climate adaptation is estimated to cost $172.0 million. ADB 
will finance 27.4% of mitigation costs and 38.2% of adaptation costs.  

15. In addition to those structural proofing/adaptation measures, non-structural adaptation 
measures are equally important for the sub-region in adapting future climate and reducing climate 
risks. Firstly, it is important to raise the awareness of government agencies of those project cities. 
Climate change related workshops and study tours may help relevant project officers and leaders 
understanding climate risks to their project and city as well as the needs for adopting adaptation 
and mitigation measures in the process of project implementing. Such understanding and 
comprehension of climate risks will help the government official to integrate climate change 
adaptation and mitigation in their policy formulation process and reducing climate risks.  

16. Structural proofing/adaptation measures designed in this project are mostly for a section 
or part of the infrastructure. For example, river rehabilitation works are all for a section of the 
whole river, therefore, it will not prevent the whole river from flooding. Non-structural adaptation 
measures can be a supplementary to the structural measures built in this project.  

17. It is recommended that whole catchment conservation plans to be developed for Hegang 
and Jixi, where rivers and lakes will be rehabilitated in this project. similarily, it is also 
recommended such plans to be developed for upstream catchment of water supply reservoirs. 
Those include catchments of Xingkai Lake in Jixi, Taoshan reservoir of Qitaishan and water 
protection catchments of Shuangyashan.   

18. Water resource is a very important to the economy and industries of east Heilonhjiang 
sub-region. The water resources of the sub-region may face challenges of competing uses by 
many of currently planned economic development activities. Climate change will exacerbate such 
competition because of greater inter-annual and seasonal precipitation variability and increased 
frequency and intensity of droughts. Developing integrated water resource management (IWRM) 
plans at city level will help to reduce risks of water shortage and drought caused by climate change. 
IWRM will also help project cities in developing their economic policies and infrastructure in 
response to climate change. Water saving is also an important issue for industries and urban 
services of project cities, which should also be included in the IWRM plans. 

19. In addition to those non-structural adaptation measure, it is also recommended that ADB 
to fund further studies on the heating supply system, especially its pricing system. The current 
heating supply system adopting a fixed price based on housing area made it difficult for 
government and heating supply companies to meet the needs of different resident groups and 
causes over heating in most of times during the long and harsh winter.  A flexible pricing system 
based on individual heat/energy consumption is likely to reduce the energy consumption, GHG 
and air pollutant emission from heating system in northern China cities. 

20. Finally, it is acknowledged that the data availability has limited the accuracy of the 
hydrological modelling. Firstly, there is no river gauging data available for all five riversbeing 
rehabilitated in this project. This makes it difficult to validate the hydrological modelling results 
with observed river flows and stages. Secondly, the flood peaks are often affected by short, but 
intensive precipitation events rather than by daily precipitation totals. However, such data is also 
unavailable to the team. Therefore, the accuracy of the hydrological modelling results are the best 
possible with the available data but are improvable should those data were available to the study. 
The consultants will continue to improve modelling and make updated results, if any, available to 
benefit the detailed design of the relevant project subcomponents.  
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1. Introduction 

21. The Heilongjiang Provincial Government (HPG) has requested ADB to support the 
economic transformation of the four cities of Hegang, Shuangyashan, Qitaihe, and Jixi in east 
Heilongjiang Province of the PRC ( 

22. Figure 1), which is referred as east Helongjiang sub-region in this report. 

23. The project cities have started coal mining since early 20th Century. The economy of those 
cities is still heavily relying on coal mining and electricity generation. Due to declining coal prices 
and depletion of coal reserves, those coal cities are currently facing challenges of economic slow-
down and even recession and population loss. In 2013, the gross domestic product (GDP) of the 
four cities declined 3.4% in comparison with 2012.   

 
Figure 1 Location of the project cities. 

 
Source: Asian Development Bank – based on GIS database of China from http://www.diva-gis.org/gdata  

24. In order to revive and transform the economy of those coal cities, the HPG developed an 
economic transformation plan for those coal-rich cities, Economic Transformation and 
Development Plan for Coal Cities of Heilongjiang Province in 2014. The Plan proposed to develop 
or improve a number of alternative industries to coal production. To implement the proposed 
economic transformation plan, it is important to develop, and/or upgrade the urban infrastructure 
of those cities, which has been lack of investment in the previous decades. Project components 
proposed for ADB support are aligned with provincial and city level economic transformation and 
development plans.  

http://www.diva-gis.org/gdata
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25. The proposed project components and sub-components are in Error! Reference source 
not found.. 

Table 1: Project Infrastructure Components and Subcomponents 

Output 3: Key Infrastructure and Small- and Medium-Sized Enterprises Facilities in Non-
Coal Industrial Parks in Project Cities Constructed 

26. Item  Subcomponent Brief Description 

27. Hegang  

28. HG 3.1  29. Hegang industrial park (green 
food, green energy, and high-
tech)—infrastructure and 
multifunctional SME support 
facilities 

30. Three roads in the park will be built (about 6.3 km), and associated 
utility pipes and cables will be installed, including 6.3 km each of 
water supply pipes; drainage pipes; sewer pipes; and heating 
pipes. An SME service and training center and park management 
building (8,000 m2) will be constructed.  

31. HG 3.2 32. Hegang Luobei County industrial 
park (high-tech graphite-based 
materials and e-mobility)—
WWTP and treated wastewater 
reuse pipe 

33. A WWTP with 6,000 m3/d capacity to treat wastewater from 
graphite materials processing and production process will be 
constructed. After treatment, the wastewater will be reused for the 
park. 

34. Jixi  

35. JX 3.1 36. Hengshan District industrial park 
(high-tech graphite-based 
materials and e-mobility)—road 
infrastructure and SME support 
facilities 

37. The old phase I ring road (about 3.0 km) will be rehabilitated and 
upgraded, and a new road, the middle ring road (1.3 km), will be 
constructed, including utility pipes. 

38. JX 3.2  39. Jiguan District industrial park 
(non-coal SMEs)—WWTP and 
sewer pipes 

A new WWTP (20,000 m3/d) and associated wastewater 
collection pipes (8.84 km, DN300-800) will be constructed and 
commissioned. 

40. Qitaihe  

41. QH 3.1  42. Qitaihe industrial park (green 
food and pharmaceutical bio-
fermentation)—road 
infrastructure and SME support 
facilities 

43. Two roads with total length of 2.1 km, and associated utility pipes 
and cables will be constructed. An SME training and service center 
and an SME business center with a total area of 12,000 m2 will be 
built. 

44. Shuangyashan  

45. SY 3.1 46. Shuangyashan business park 
(non-coal SME and PRC-Russia 
business and trading park)—road 
and utility infrastructure and SME 
support facilities 

47. Four roads with a total length of around 5.7 km inclusive of 
associated utility pipes and cables will be constructed, and 
additional 4.4 km water supply pipes and 7.0 km sewer pipes will 
be installed to connect to the existing systems. 

48.   

49. SME facilities with total floor area of 40,000 m2 will be constructed 
and commissioned 

ha = hectare, km = kilometer, m2 = square meter, m3/d = cubic meter per day, PRC = People’s Republic of China, 

SMEs = small- and medium-sized enterprises, WWTP = wastewater treatment plant.  

Output 4: Remediation and Environmental Cleanup from Mining Impacts in 
Project Cities Improved 

50. Item  Subcomponent Brief Description 

51. Hegang  

52. HG 4.1  53. Remediation of open pit mine 
and wasterock dumpsite 

The subcomponent has a total area of 52.6 ha, an area of 23.6 ha 
will be filled in a controlled way considering geotechnical stability 
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with waste rock together with clay layer by layer, and site will be 
graded. New roads of 3.9 km with sidewalks on both sides and 
landscaping will be built on the surface. Pedestrian paths of 2.6 
km and green land with a total area of 13.7 ha will be built. 

54. Jixi  

55. JX 4.1 56. Hengshan District waste rock 
dumpsite remediation  

57. Work has two phases: 
(i) Phase I includes geological survey of project area of 89.7 ha; 

and 
(ii) Phase II includes site remediation approaches based on survey 

results, site grading of 20.5 ha, reforestation of 69.2 ha, 
drainage interceptor ditch of 2.0 km, drainage ditch of 1.0 km, 
retaining wall of 0.3 km, fence of 0.6 km, and landscaping 
works. 

(A mining impact monitoring station will be built as part of output 
5) 

58. Qitaihe  

59. QH 4.1 60. Mining remediation and 
environmental rehabilitation 

61. A waste rock dumpsite (10.4 ha) and a mining subsidence area 
(11.3 ha) will be remediated. A total of 187,313 m3 of waste rock 
from 10.4 ha will be removed and the waste rock will be used to fill 
the subsidence area and planting of trees in both sites. 

62. Shuangyashan  

63. SY 4.1 64. Wasterock dumpsite 
remediation: Xiaoxishan mine 

The wasterock dumpsite in Xiaoxishan is a depleted coal mine, 
with an area of 24.7 ha. It comprises forest land of 6.1 ha and 
construction land of 18.6 ha. The project will increase 
afforestation and remediate the construction land, then the 
remediated land is planned for future use as farmland. Works 
include 206,788 m3 of wasterock removal, 192,314 m3 of filling 
and grading of area affected by subsidence, reforestation, and 
construction of a drainage ditch. 

ha = hectare, km = kilometer, m = meter, m3 = cubic meter.  

Output 5: Integrated Urban Infrastructure and Services in Project Cities Improved 

 

65. Item  Subcomponent Brief Description 

66. Hegang  

67. HG 5.1  68. Integrated river rehabilitation 
and cleanup from mining and 
ecosystems-based adaption 
(Shitou River, Qianjin Creek, 
Heli River, and Xiaoheli River) 

Flood protection of four rivers, three of which (16.6 km) 
according to 1 in 50-year flood standard and Qianjin Creek 
according to 1 in 20-year flood standard (3.3 km), will include 
dredging, and embankment construction implementing green 
infrastructure approach with landscaping as a river greenway 
to increase flow capacity. 
 
Green-belt up to 30 m wide on each side or one side of the 
rivers will be built. The total greening area is about 75.0 ha, 
mainly planted with local tree species. 

69. HG 5.2 70. District heating system energy 
efficiency improvements 

71. 7.2 km primary pipe network and 65.2 km secondary pipe 
network will be retrofitted. 

72. HG 5.3 73. Road rehabilitation, public 
transport, and NMT 
improvements 

74. Curb side bus priority lanes of 29.1 km on urban roads will be 
provided. Service of public transport and NMT will include: 
(i) 34.3 km roads rehabilitated, including roads resurfacing, 

over 50 pairs of bus bays, sidewalk improvements, and 
some intersections’ safety improvements; 

(ii) ITS with intelligent signal control system, passenger 
information system, and surveillance system; 
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65. Item  Subcomponent Brief Description 

(iii) special vehicles and/or equipment for road maintenance will 
be purchased; and 

(iv) 14.3 km drainage pipes associated with the rehabilitation of 
29 roads will be installed. 

75. Jixi  

76. JX 5.1  77. Hengshan District integrated 
rivers and lake rehabilitation 
and ecosystems-based 
adaptation (Hongqi Lake, Anle 
Creek, and Huangni River) 

Flood risk protection of two rivers: Anle Creek (0.8 km) (1 in 
30-year flood protection standard), and Huangni River (7.9 km) 
(1 in 20-year flood protection standard). Hongqi Lake (23.5 ha) 
will be rehabilitated. 

78. JX 5.2 79. Hengshan District urban 
regeneration, community 
facilities, and public space 
improvement  

80. 3.2 ha of land including green park, multiuse public training and 
education facility with a mining remediation monitoring and 
training center (gross floor area: 8,000 m2), technical library 
(5,000 m2), and gym (5,000 m2) will be rehabilitated and opened 
for public use. 

81. JX 5.3 82. Hengshan District roads 
improvement 

83. Jiaotong Street will be rebuilt (0.4 km) and a road on the 
riverbank will be built (1.5 km). Gongqu road and flyover will be 
constructed (around 0.3 km). 

84. JX 5.4  85. Jixi urban infrastructure—
water supply pipes, 
wastewater collection, and 
drainage 

86. Water supply pipes of 72.5 km to reduce leakage will be 
refurbished; 23.3 km sewer pipes to separate sewage and rain 
water will be installed; new drainage pipes of 12.5 km and 
drainage trench of 20.0 km; 5 sedimentation tanks will be built 
to collect, treat, and discharge rainwater; and associated 1 
sewer pumping station and 3 drainage pumping stations will be 
constructed and equipped. 

87. JX 5.5 88. Jixi City No. 3 water treatment 
plant upgrading and 
expansion 

89. Existing water intake (84,000 m3/d) and water treatment plant 
(50,000 m3/d) will be upgraded, and new advanced treatment 
units (80,000 m3/d) and sludge treatment facilities will be 
constructed and installed. 

90. Qitaihe City 

91. QH 5.1  92. Qitaihe WTPs upgrading and 
water supply distribution 
system replacement and 
expansion 

Two WTPs will be upgraded: Shengke WTP (Plant I) with 
design capacity of 100,000 m3/d, and water and sewerage 
company's WTP (Plant II) with design capacity of 50,000 m3/d. 
 
Taoshan reservoir in Qitaihe City will remain the water source 
for the two plants. The project will help to develop a river basin 
pollution comprehensive control master plan under output 1. 
The water intake will also be upgraded by replacing 
equipment.  
 

93. Water supply and distribution system will be replaced and 
expanded in this component, including replacing 17.8 km old 
main pipes and installing 73.2 km new main pipes, and 15 
booster pump stations will also be built. 

94.  

95. The project will pilot test an NRW reduction program in two pilot 
communities in the city under output 1. The experience gained 
in the pilot tests will then be used to scale up to approximately 
100 communities for NRW reduction expected after midterm 
review mission. 

96. QH 5.2 97. Sustainable and clean fuel 
public transport improvements 

Under this subcomponent 
209 electric buses will be procured to replace the old diesel 
buses; 
three bus terminals with charging stations will be built; 
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65. Item  Subcomponent Brief Description 

current bus operation and control system will be upgraded 
using cell phone applications for passenger information 
system, and fare collection system; and 
peak hour bus lanes will be implemented on key routes, and 
bus stops will be improved as part of counterpart activities.   

98. Shuangyashan City 

99. SY 5.1 Urban infrastructure—water 
supply, wastewater collection, 
and drainage 

Water supply:  24.7 km of water main; 2 new pumping stations 
(35,000 m3/d, and 15,000 m3/d); 3 clean water tanks (3,600 
m3, 3,000 m3 and 4,000 m3), 1 reservoir (3,000 m3) and other 
associated facilities, which include drainage pipe in the WTP, 
new laboratory, flow meters at key intersections, and the 
SCADA system.  
Drainage pipe installation with total length of 52.3 km in 
Jianshan District. 
Sewer pipe installation with total length of 25.5 km sewer pipe 
in Lingdong District and 59.6 km sewer pipe in Jianshan 
District will be installed. 

100. SY 5.2  Key road connections 
constructed 

Subcomponents include: 
(i) South Ring Road on an existing narrower road with a length 
of about 3.8 km will be built; 
(ii) Yunfeng link including a tunnel and approach roads with a 
total length of about 1.4 km will be constructed; and 
(iii) Xinxing Avenue link with one ramp and related approach 
roads will be built, and bus lanes will be placed in the bridge 
section of six lanes with a length of about 1.5 km. 

ha = hectare, ITS = intelligent transport system, km = kilometer, m = meter, m3 = cubic meter, m3/d = cubic meter per 
day, NMT = nonmotorized transport, NRW = nonrevenue water, SCADA = supervisory control and data acquisition, 
SMEs = small- and medium-sized enterprises, WTP = water treatment plant.  
Source: Asian Development Bank estimates. 

 

101. This study aims to provide assessments of potential climate change risks and vulnerability 
at both policy and engineering levels. The policy assessment will be focused on provincial and 
city level economic policies and plans, including their city master plans (2013-2030). The 
engineering assessment will be applied to each individual proposed infrastructure so that proofing 
and/or adaptation measures are developed and integrated into the final project design.  

102. Climate risk assessment will consider changes in temperature and precipitation based on 
outputs from the latest climate modelling experiments. Consideration of climate risk management 
options will include both structural measures and non-structural measures. The structural 
measures are to modify the design standard to reduce/proof climate risks. The non-structural 
measures are aimed to build governance capacity and institutional arrangement for minimise 
climate change risks. 

103. The objectives of this are summarised as follows: 

(i) Assess the climate risk and vulnerability of the regional development plans and policies. 
Those include the provincial ETDPCCH, Master Plans of Hegang, Shuangyashan, Qitaihe, 
and Jixi. The assessment will be extended to the 13th five-year economic plan of each 
project city;   

(ii) Assess climate risk and vulnerability of project components proposed by all four cities. 
The proposed infrastructure will be assessed by different categories using appropriate 
methodologies, including quantitative assessment by detailed modelling and qualitative 
assessment measured by likelihood and/or magnitude. 



 
 

9 
 

(iii) Develop and evaluate different options of proofing/adaptation measures to be integrated 
into the final project design. The proofing measures are mainly engineering interventions 
that will be incorporated into the final engineering design of the proposed infrastructures. 
The adaptation measures are mainly relating to improving the community and institutional 
capacity possible climate resulted risks such as severer snow falls or floods in the future.  

104. In this report, Chapter 2 will outline the methodological framework climate risk and 
vulnerability assessment for this study, including risk and vulnerability assessment for regional 
economy, regional water resources, and relevant proposed project components. Chapter 3 will 
report the climate change scenarios, assumptions and available data for this study. The projected 
changes in major climate variables are analysed in Chapter 4 over the Heilongjiang Province with 
more detailed focus in the east Heilongjiang sub-region. Chapter 5 will discuss the climate risks 
to the regional economy followed by assessment of plans for urban development and 
environmental protection in the four coal cities. Chapters 7 and 8 are detailed assessment to 
proposed project components, together with relevant proofing and adaptation measures that are 
suggested for the final project design. 

105. Because the late delivery of the feasibility study reports (FSRs), Chapters 7 and 8 report 
the assessment and adaptation measures for the proposed river works in Hegang and Jixi, which 
may also be modified if FSRs are further updated. Other sub-projects will be reported in the draft 
report when all FSRs are finalised.  
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2. Methodological Framework 

106. A risk–hazard approach (OEH, 2013) is adopted in this study in order to identify what 
project components and/or policies/plans are exposed to particular climate impacts, where and 
when impacts may occur, and what the consequences of impacts might be. The methodological 
framework is illustrated in Figure 2. 

Figure 2: A risk-hazard based methodology framework adopted in this study. 

 

Source: Asian Development Bank 

 

2.1 Sensitivity Test/Exposure Assessment 

107. The IPCC CMIP5 climate projections will be used to identify the potential changes in key 
climate variables for project cities and/or region in 2050 (2040-2060). Two scenarios, low and 
high, will be developed, and use to assess what potential risks will be posed to the proposed 
project components and government policies and plans that are relating to the proposed project.  

108. The second step is a sensitivity test of proposed project components/infrastructure. The 
proposed project is comprised of a wide range of infrastructure components, including river works, 
roads, bridges, water supply, sewage pipelines, waste water treatment to clean energy public 
transport, remediation of mine/waste rock dumpsite Rehabilitation and so on. Those project 
components are considered as the following four categories:  
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(i) Integrated river rehabilitation projects. River work projects are sensitive to increased 
flood levels in the river system resulting from severe storms or rainfall intensity. The 
current design standard/assumption developed based on historical observation data may 
not be sufficient to cope with the extreme rainfall events under future climate conditions. 
Therefore, detailed assessment is required for those projects based on the extreme events 
simulated by a hydrological/hydraulic model under both low and high climate change 
scenarios. 

(ii) Water Supply projects. A few water supply projects are proposed by cities of Qitaihe and 
Jixi. Changes in many climate variables are potentially affect water supply system, such 
as rising temperature, changed precipitation, cold/heat waves, extreme storms, and so on. 
After visiting the project sites and reviewing the project documents, the CRVA team has 
found that potential risks imposed by those factors are fairly small. However, it is found 
that one single water source, a pipeline from Xingkai Lake, will be used by all water supply 
projects in both Jixi and Qitaihe. Therefore, the sustainability of the water source has to 
be assessed under the future climate change scenarios. 

(iii) Other infrastructure. Other infrastructure, including roads, bridges, drainage pipelines 
and waste water treatment, are also proposed by all four project cities. Changes in 
temperature, precipitation, and climate extremes will also impose risks to those projects. 
They will be assessed on case by case bases.   

(iv) Other projects, such as clean energy public transport, remediation of mine/waste rock 
dumpsite rehabilitation are normally considered as mitigation measures. However, there 
may also be some elements of the components subject to climate risks, which will be 
assessed accordingly where is necessary. 

2.2 Risk and Vulnerability Assessment 

109. Risk assessment will be carried out quantitatively and qualitatively. The quantitative risk 
assessment is mainly applying to those water related infrastructure, such as river works, roads, 
drainage pipelines, and so on. Hydrological and hydraulic models will be developed to simulate 
the rainfall-runoff, floods, and flood levels in order to examine if the current design standard is 
adequate to the future flood events. Risks related to change temperature will be assessed 
qualitatively across all proposed project components. Assessment of provincial and city level 
economic policies/plans will also be carried out qualitatively.  

2.2.1 Quantitative Assessment to Selected Project Components 

110. Hydrological and hydraulic models will be developed to simulate the hydrological 
responses to climate extremes, such as floods resulted by severe storms and intensive rainfall. 
The models will be initially developed and calibrated using observed historical climate and 
hydrological data as baseline for the eastern Heilongjiang region. The future climate extremes in 
2050 will be applied to the baseline model to project the future hydrological extreme events. The 
change ratios of climate extremes will be derived from CMIP5 projection data obtained from 
www.worldclim.org for 2050, which is represented by average of 2040-2060. The CMIP5 
projection data is bias corrected and downscaled using methodologies of Hijmans et al (2005). 

111. The U.S. Environmental Protection Agency's Storm Water Management Model (USEPA - 
SWMM) is proposed for conducting GIS-based watershed hydrological modelling to establish the 
response relationship between precipitation and runoff for the project areas. SWMM is a dynamic 
rainfall-runoff simulation model used for simulation of quantity of rainfall runoff from drainage 
basins and catchment areas. SWMM is the most widely used model (of its type) in the world, and 

http://www.worldclim.org/
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has been applied for watershed and stormwater runoff modelling for over 30 years. More detailed 
hydrological modelling method will be reported in Chapter 7. 

112. Feasibility study reports (FSRs) for those river rehabilitation projects will be assessed 
against the flood mapping results of HEC-RAS modelling under two climate change scenarios in 
2050. Proofing or adaptation measures will be developed for each section of each project will then 
be developed based on the assessment outputs for the low and high climate change scenarios. 
Those measures will be recommended to the counterpart PMO/DIs as early as possible. The 
CRVA team will also discuss/negotiate with PMO/DIs for adopting those recommended measures 
in the final design. 

113. Climate change risks to other infrastructure projects are generally related to the sever 
temperature and precipitation or resultant runoff. FSRs of those projects may include roads and 
bridges, pipelines, drainage networks, waste-water treatment and so on.  

114. The risk and vulnerabilities of those projects will be assessed against projected extremes 
in temperature and precipitation in 2050. For example, pipelines will be assessed against low 
temperature in the winter and runoff resulted by severe storms in the summer. Roads and bridges 
will be assessed against projected severity of snow storms in the winter and runoff resulted by 
the severe storms in the summer. 

115. Similar to the river rehabilitation projects, proofing or adaptation measures will also be 
developed for each project/project components as reported by FSRs.  Those measures will be 
recommended to the counterpart PMO/DIs as early as possible. The CRVA team will also 
discuss/negotiate with PMO/DIs for adopting those recommended measures in the final design. 

2.2.2 Regional Water Resource Assessment for Water Supply Projects 

116. It is identified that the key climate risks to those water supply projects are the sustainability 
of their water intake sources by the CRVA team during the first field visit. Water supply projects 
in Qitaike Jixi, and two other smaller users (Jidong and Mishan) are relying on the pipeline from 
Xingkai Lake to Jixi. Xingkai Lake is located in the southeast Jixi city, which is also the border 
lake of China and Russia with a vast catchment area that is mainly in Russia. Figure 3 shows 
locations of Xingkai Lake and four water using cities/towns. 
Figure 3 Water supply project locations – a pipeline built by Jixi City Government extracts water 
from Xingkai Lake to supply water to Mishan, Jidong, Jixi, and Qitaihe. 
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Figure 3: The Xingkai Lake water supply pipeline supported cities and towns – Jixi, 
Qitaihe, Jidong, and Mishan  

 

Source: Asian Development Bank – based on google earth. 

 

117. The Jixi city government has carried out detailed hydrological study when they built the 
100km pipeline but climate change was not considered. The CRVA Team was provided with key 
findings of the study but not the full report. It is convinced the Jixi study outputs are sufficient and 
reliable for the current climate. Further analysis of the future climate projections, especially the 
precipitation, is required to confirm the sustainability of water sources if no change and/or 
increased precipitation is projected for 2050 over the lake catchment. Otherwise, further study 
may be required if substantial reduction in precipitation is found for 2050 over the lake catchment.     

2.2.3 Climate Risk and Vulnerability of East Heilongjiang Subregion and Relevant 

Economic Policies and Plans 

118. Climate risk assessment will be carried out qualitatively at subregional level (East 
Heilongjiang) based on the analyses of climate change scenarios in 2050 in order to identify the 
regional economy’s vulnerabilities to climate change (such as floods, availability and quality of 
water resources, temperature extremes, etc).  

119. This assessment will also be extended to the climate risk implications (mitigating and 
aggravating) of the provincial government’s proposed economic transformation strategy 
(Heilongjiang Coal Cities Economic Strategy, 2014-2020) and the PPTA recommended 
refinements and further developments to the strategy towards a non-coal future. Where is 
possible and necessary, climate-proofing measures will be developed and recommended.  
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120. The climate risk and vulnerability assessment will also be carried out for Master Plans of 
the four cities. It is noted that Hegang and Jixi have only short term city master plans for periods 
of 2013-2020 and 2010-2020 respectively. Shuangyashan and Qitaihe have medium term plans 
for periods of 2013-2030 and 2012-2030 respectively.  The CRVA team was advised that the four 
Master Plans have not all been approved yet. Hegang City has never submitted their master Plan 
for approval.  

121. Therefore, it is more appropriated to assess the city master plans in adjunction with the 
13th five years plans that are officially approved. Furthermore, the economic policies and 
development approaches are no difference between the two plans.   

2.3 Proofing and Adaptation Measures   

122. Engineering proofing measures will be developed for relevant proposed infrastructure 
based on the modelling results and FSRs for both low and high scenarios. The CRVA team will 
then work with the financial specialist of the PPTA team and LDIs on the cost of suggested 
proofing/adaptation measures. This will provide three options for the final project design i.e. do 
nothing, adopt low scenarios or the high scenario with associated costs. Cost-benefit analysis will 
be developed and recommendation will be made PMOs. The CRVA team will also 
discuss/negotiate with PMO/DIs for adopting those recommended measures in the final design. 

123. Non-engineering measures will also be identified at government, agency and community 
levels. For example, the government may need to develop appropriate response procedures to 
climate extremes, such as more severe snow falls that may affect the road transport systems. 
Relevant adaptation measures may also be required for the government economic policies. The 
CRVA team will work with the PPTA team to ensure sufficient capacity building measures 
regarding to climate change to be built into the final project design.   
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3 Climate Change Scenarios, Assumptions and Data Used in the Study 

3.1 Climate Scenarios, Assumption, and Projection Data 

124. The future climate projection is subject to considerable uncertainty. One important aspect 
in CRVA is to comprehend such an uncertainty in decision making and policy planning process. 
Within this context, any climate change scenario constructed on single Greenhouse Gas (GHG) 
emission rate and/or individual GCM outputs is generally considered inappropriate for CRVA 
assessment purposes because it cannot provide information of the uncertainty and its associated 
projection range. The general acceptable practice is that climate change scenarios are defined 
by multiple GHG emission scenarios and large GCM model ensembles for a given geographic 
location.  

125. Climate change scenarios are to be constructed using IPCC CMIP5 climate projection 
data is selected for this study. CMIP5 climate projections using Representative Concentration 
Pathways (RCPs) to reflect different trajectories of future social-economic development. The 
CMIP5 climate projections have been simulated under four different scenarios, RCP2.6, RCP4.5, 
RCP60, and RCP8.5. Figure 4 shows the CO2 equivalent concentrations for all four scenarios 
that are calculated from all forcing agents.   

126. Among the four scenarios, RCP2.6 is considered the lowest scenario that corresponds to 
the agreed outcomes of the Paris agreement (no more than 2.0 C over pre-industrial). RCP4.5 
and RCP6.0 are the medium and high scenarios but their differences in CO2 equivalent 
concentrations are not large in 2050. Significant differences in CO2 equivalent concentrations are 
found mainly in the late of this century. RCP8.5 is the extreme case that projects the most 
significant changes. 

127. Therefore, RCP4.5 and RCP8.5 are used as the low and high climate change scenarios, 
or reference and challenge scenarios (Table 1), respectively. The climate projection data are 
downloaded from www.worldclim.org , which is downscaled and bias corrected using the most 
recent GCM climate projections that are used in the IPCC Fifth Assessment report. 

http://www.worldclim.org/
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Figure 4: All forcing agents' atmospheric CO2-equivalent concentrations (in parts-per-
million-by-volume (ppmv)) according to four RCPs. 

 
Source: adopted from IPCC Fifth Assessment Report (AR5) https://www.ipcc.ch/report/ar5/syr/  

 
Table 1: Two climate projections and their input conditions  

represent the uncertainty ranges 
Climate projection Representative Concentration Pathways Climate sensitivity 
Reference scenario RCP4.5 Low 
Challenging 
scenario 

RCP8.5 High 

Source: Asian Development Bank 

Table 2: Global climate models used for each scenario 

GCM code rcp45 rcp85 
ACCESS1-0 (#) AC tn, tx, pr tn, tx, pr 
BCC-CSM1-1 BC tn, tx, pr tn, tx, pr 
CCSM4 CC tn, tx, pr tn, tx, pr 
CESM1-CAM5-1-FV2 CE tn, tx, pr  

CNRM-CM5 (#) CN tn, tx, pr tn, tx, pr 
GFDL-CM3 GF tn, tx, pr tn, tx, pr 
GFDL-ESM2G GD tn, tx, pr  

GISS-E2-R GS tn, tx, pr tn, tx, pr 
HadGEM2-AO HD tn, tx, pr tn, tx, pr 
HadGEM2-CC HG tn, tx, pr tn, tx, pr 
HadGEM2-ES HE tn, tx, pr tn, tx, pr 
INMCM4 IN tn, tx, pr tn, tx, pr 
IPSL-CM5A-LR IP tn, tx, pr tn, tx, pr 
MIROC-ESM-CHEM (#) MI tn, tx, pr tn, tx, pr 
MIROC-ESM (#) MR tn, tx, pr tn, tx, pr 
MIROC5 (#) MC tn, tx, pr tn, tx, pr 
MPI-ESM-LR MP tn, tx, pr tn, tx, pr 
MRI-CGCM3 MG tn, tx, pr tn, tx, pr 
NorESM1-M NO tn, tx, pr tn, tx, pr 

Source: adopted from http://worldclim.org  

 

https://www.ipcc.ch/report/ar5/syr/
http://www.worldclim.org/cmip5_5m#com
http://biogeo.ucdavis.edu/data/climate/cmip5/5m/ac45tx50.zip
http://www.worldclim.org/cmip5_5m#com
http://biogeo.ucdavis.edu/data/climate/cmip5/5m/gf45tn50.zip
http://biogeo.ucdavis.edu/data/climate/cmip5/5m/gf85tn50.zip
http://biogeo.ucdavis.edu/data/climate/cmip5/5m/gd45tn50.zip
http://biogeo.ucdavis.edu/data/climate/cmip5/5m/gd45tx50.zip
http://biogeo.ucdavis.edu/data/climate/cmip5/5m/gs45tn50.zip
http://biogeo.ucdavis.edu/data/climate/cmip5/5m/gs45tx50.zip
http://biogeo.ucdavis.edu/data/climate/cmip5/5m/gs85tn50.zip
http://biogeo.ucdavis.edu/data/climate/cmip5/5m/hg45tn50.zip
http://biogeo.ucdavis.edu/data/climate/cmip5/5m/hg45tx50.zip
http://biogeo.ucdavis.edu/data/climate/cmip5/5m/hg85tn50.zip
http://biogeo.ucdavis.edu/data/climate/cmip5/5m/hg85tx50.zip
http://biogeo.ucdavis.edu/data/climate/cmip5/5m/he45tn50.zip
http://biogeo.ucdavis.edu/data/climate/cmip5/5m/he45tx50.zip
http://biogeo.ucdavis.edu/data/climate/cmip5/5m/he85tn50.zip
http://biogeo.ucdavis.edu/data/climate/cmip5/5m/he85tx50.zip
http://biogeo.ucdavis.edu/data/climate/cmip5/5m/in45tn50.zip
http://biogeo.ucdavis.edu/data/climate/cmip5/5m/in85tn50.zip
http://biogeo.ucdavis.edu/data/climate/cmip5/5m/no85tx50.zip
http://worldclim.org/
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128. Whilst RCP2.6 may be the ideal outcome expected by the Paris agreement, a 
conservative or precautionary approach is adopted in this study using RCP4.5 as reference 
scenario and RCP8.5 as challenging scenario for CRVA studies. RCP4.5 with low-climate 
sensitivity and RCP8.5 with high-climate sensitivity are used as indicators of the low and high 
scenarios which also corresponding to the low and high bound of the uncertainty range (Table 1). 
All available global climate models (GCM) for the two scenarios are also listed in Source: Asian 

Development Bank 

129. Table 2, which represents the largest ensemble of GCMs in the CMIP5 database as there 
are much fewer GCMs available for RCP2.6 and RCP6.0.  

130. An important issue is the uncertainty of climate change scenarios that generated from 
spatial differences between different GCMs. For a given area, the current climate science still 
cannot identify any individual GCM that may be superior to others in simulating future climate 
change. It makes the CRVA assessment a challenging task in choosing appropriate GCM 
projections for given geographic locations. 

131. Large climate model ensembles are normally used in accounting for such uncertainties in 
climate projections. In this study, we adopt an approach to use as many GCMs as possible to 
build a model ensemble. As shown in Source: Asian Development Bank 

132. Table 2, we are using 19 and 17 GCMs in building the ensembles for RCP4.5 and RCP8.5 
respectively. 

133. Values of the 50 percentile of the GCM model ensembles are used for CRVA assessment 
in this study. The average of model ensemble is normally used to represent the middle conditions, 
as that the average often agrees better with observed climate than any individual model estimates 
(Reichler and Kim, 2008). However, using the median of ensembles will reduce the influence of 
huge outliers in some GCM models on the final change projection values. 

134. Climate change projections for 2050 (2040-2060 average) will be used in this study. This 
covers the life/maintenance cycle of most proposed infrastructure projects. This is also the most 
widely used period for CRVA studies across all sectors. 

3.2 Data availability and relevance 

3.2.1 Data provided by PMOs 

135. PMOs and IAs have provided with data useful for hydrological analysis, including  

(i) Excerpts from previous hydraulic design reports for Hegang, Shuangshashan, 
Qitaihe and Jixi for flood control planning, river rehabilitation project, etc; 

(ii) Some cross-sectional data in CAD files for Xiao Heli River, Qianjin Canal and 
Shitou River from the Hegang PMO; and 

(iii) A layout plan in CAD files for Anle Canal, Huangni River and HongqI Lake from 
the Jixi PMO. 

(iv) Heilongjiang Province Urban and Economic Development Plan for Coal-Rich 
Cities; 

(v) Hegang City Master Plan (2012 – 2020); 

(vi) Hegang City 13th Five-year economic and social development plan (2016-2020); 

(vii) Shuangyashan City Master Plan (2013 – 2030); 
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(viii) Shuangyashan City 13th Five-year economic and social development plan 
(2016-2020); 

(ix) Qitaihe City Master Plan (2012 – 2030); 

(x) Qitaihe City 13th Five-year economic and social development plan (2016-2020); 

(xi) Jixi City Master Plan (2010 – 2020); 

(xii) Jixi City 13th Five-year economic and social development plan (2016-2020) 

3.2.2 Data collected by CRVA team 

136. Data provided by PMOs and IAs is fairly limited at this stage and not sufficient for 
developing functional watershed-based hydrological models for rainfall-runoff modelling and a 
river-based hydraulic model for flood level modelling. The team has collected additional data for 
developing the abovementioned mathematical models, including the following:  

(i) Long term series of meteorological data recorded at three National Meteorological 
Stations in the project region (at Hegang, Jiamusi and Jixi) for the period from year 
1951 to 2013. The dataset includes the parameters of daily precipitation, 
evaporation, temperature, relative humidity, pressure, wind speed, wind direction 
and sunshine hours.  

(ii) Long term monthly mean data for 76 meteorological stations are also collected 
across Heilongjiang Province (Figure 5).  

(iii) Digital Elevation Model data for the project areas with a 30 m resolution developed 
by the Hydrologist. 

(iv) National Land-use maps with a resolution of 250 m at the 1:100,000 scale for the 
hydrological analysis and modelling. 
 

Figure 5: Observed climate data stations used in the CRVA studies 

 
Source: Asian Development Bank - based on GIS database of China from http://www.diva-gis.org/gdata  

http://www.diva-gis.org/gdata
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137. In order to assess the climate risks of those policy/plans, annual Socio-economic statistics 
data has also been collected for all four project cities for simple economic analysis in assessing 
the provincial and city economic policies. Those include: 

(i) Statistical Communiqué of Hegang City Economic and Social Development (2001-2015); 

(ii) Statistical Communiqué of Shuangyashan City Economic and Social Development (2001-
2015); 

(iii) Statistical Communiqué of Qitaihe City Economic and Social Development (2001-2015); 

(iv) Statistical Communiqué of Jixi City Economic and Social Development (2001-2015); 

3.3 Data relevance and limitation 

138. In summary, the team has obtained/collected a large volume of data for climate and 
hydrological analysis. However, the modelling accuracy may be improved if more hydrological 
data such as river gauging data and flood levels, and more river profiles, are available. However, 
those data is not available although efforts have been made. Please refer to the Hydrologist report 
for more details regarding the limitation of available hydrological data.  
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4 Projected climatic variable changes in regional, provincial, river basin and project level  

4.1 Current climate of Heilongjiang Province and east Heilongjiang region 

139. Heilongjiang Province is one of the coldest regions in China. As shown in Figure 6, the 
northwest of the province is the coldest place with annual mean temperature close to -6°C. The 
southwest of the province and southeast of Jixi are the warmest places in the province with annual 
mean temperature close to 4.5°C. The west of the province is dry with annual precipitation ranging 
from 450mm to 550mm. The central regions are the wettest with annual precipitation ranging from 
600mm to 750mm. 

140. The east Heilongjiang region is warm in comparison with the northwest.  As shown in 
Figure 7, the annual mean temperature is ranging from less than -2°C in the northwest of Hegang 
to 4.7°C in the south of Jixi. annual mean temperature of the four project cities are 1.9°C, 3.3°C, 
3.8°C, and 4.3°C for Hegang, Shuangyashan, Qitaihe, and Jixi respectively. The annual 
precipitation is ranging from 550mm to 700mm for the region but cities are located in low 
precipitation of the region. Hegang is the wettest city with close to 600mm annual precipitation 
whilst all other three cities are in the 500-550mm range. 
  

Figure 6: Current annual mean temperature (left) and precipitation (right) of Heilongjiang 
Province 

 
Source: Asian Development Bank 

 

141. There is a clear increasing trend in temperature based on observed data from 1950 to 
2010 (Figure 8).  The annual mean temperature in Jixi has increased 1.7°C in the past 50 years. 
However, the precipitation has been fairly stable although there are dry and wet fluctuations 
(Figure 8). Gao et al (2007) reported that temperature rises 0.38°C every decade in Heilongjiang 
Province that is higher than 0.28°C/decade in Jixi. For precipitation, Gao et al (2007) reported a 
slight increase trend over the whole province that is also slightly different from Jixi. Those minor 
discrepancies may be resulted by the different records of data and geographic locations. However, 
the general trend is pointing a rising temperature and stable or slight increase in precipitation over 
east Heilongjiang region.  Analyses for stations of Hegang and Jiamusi may be found in the 
appended Hydrological modelling report.  
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Figure 7: Current annual mean temperature (left) and precipitation (right) of East 
Heilongjiang Region 

 
Source: Asian Development Bank 

 
Figure 8: Annual mean temperature (left) and precipitation (right)  

from 1951 to 2010 at Jixi 

 

Source: Asian Development Bank 

 

4.2 Projected changes in temperature and precipitation 

142. The future climate projections are assessed at two geographical scales. One is in 
provincial scale that reports the general changes of Heilongjiang Province. The provincial scale 
climate change analyses is to provide a broader context for analysing changes of those project 
cities More detailed analyses are carried out for the east Heilongjiang region where the project 
cities are located, which include analysing changes in extreme climate events and seasonal 
changes in temperature and precipitation. Those analyses are based on differences between the 
IPCC AR5 projections for 2050 (240-2060) with the baseline climate (1960-1990) that is also 
referred as current climate in this report.  

Current Temperature Current Precipitation 

Annual mean temperature Annual precipitation 
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4.2.1 Projected changes for Heilongjiang Province in 2050 

143. Table 3 shows the projected changes of annual mean temperature and precipitation in 
2050 for all cities of Heilongjiang Province. For provincial average, annual mean temperature will 
rise 2.5°C and 3.3°C under the low and high climate change scenarios, respectively.  

144. In city scale, increases to the colder regions are trending to higher than those warmer 
regions. For example, the projected temperature will rise 2.7°C and 3.5°C over the northwest of 
the province, which is also the coldest region of the province. Increases for regions in the southern 
rim of the province are slightly below the provincial average. Increases in east Heilongjiang region 
are similar to the average of the province under both climate change scenarios.  

Table 3: Projected changes in annual mean temperature and precipitation \ 
for all cities in Heilongjiang Province 

City 
Temperature Changes (°C) Precipitation Changes (%) 
RCP4.5 RCP8.5 RCP4.5 RCP8.5 

Daqing 2.4 3.1 11.1% 7.4% 
Daxing'anling 2.7 3.5 6.9% 7.7% 
Harbin 2.4 3.2 8.2% 8.5% 
Hegang 2.5 3.3 7.5% 7.9% 
Heihe 2.6 3.3 8.2% 8.5% 
Jiamusi 2.5 3.3 7.6% 8.6% 
Jixi 2.6 3.3 7.5% 8.3% 
Mudanjiang 2.5 3.2 7.4% 8.5% 
Qiqihar 2.5 3.2 10.0% 7.6% 
Qitaihe 2.5 3.2 6.5% 7.9% 
Shuangyashan 2.5 3.3 7.0% 8.1% 
Suihua 2.5 3.2 9.3% 7.8% 
Yichun 2.5 3.3 8.1% 8.3% 

Source: Asian Development Bank 

 

145. It is projected that annual precipitation will increase across the province. For provincial 
average, precipitation is projected to increase 8.1% in 2050 on provincial average under both low 
and high climate change scenarios.  

146. However, projected changes in precipitation are different over different regions and 
climate change scenarios. Three southwest cities, Daqing, Qiqigar, and Suihua, are projected 
larger increases at 11.1%, 10.0%, and 9.3% under the low climate change scenario than 
projections under high scenario at 7.4%, 7.5%, and 7.9%, respectively. Projected precipitation for 
all other regions/cities is different from those three cities, which are with larger increases under 
the high climate change scenario than the low scenario.  
 

147. Projections for the four east Heilongjiang cities are lower than provincial average under 
the low climate change scenario but close to provincial average under high scenario. 

4.2.2 Projected changes for east Heilongjiang sub-region in 2050 

148. Figure 9 shows the projected annual mean temperature for east Heilongjiang region. 
Compared with the current temperature (Figure 7), it is likely to rise approximately 2.5°C and 
3.3°C in ~2050 under the low and high scenarios respectively. The northwest of Hegang is the 
coldest place whilst southeast of Jixi is the warmest. There is not much spatial variance in 
temperature change because they are all located in the three-river plane/valley where is the 
confluence of three major rivers, Heilongjiang, Songhuajiang, and Wusulijiang. The projected 
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temperature rising speed is faster than the historical observed data reported by Gao et al (2007), 
and the analysis of observed temperature of Jixi. 
 

Figure 9: Projected annual mean temperature in 2050 for the east Heilongjiang region 

 

Source: Asian Development Bank 
 

Figure 10: Projected annual precipitation in 2050 for the east Heilongjiang region 

 

Source: Asian Development Bank 
Source: Asian Development Bank 
 

149. Figure 10 shows the projected annual mean precipitation in 2050 for the east Heilongjiang 
region. Compared with the baseline annual precipitation, it is projected to increase 9.8% and 11.5% 
in 2050 under the low and high climate change scenarios respectively. The projections for all four 
cities are all consistent with the regional average whilst the Xingkai Lake area is slightly below 
the average, increasing 8.9% and 9.9% under the low and high climate change scenarios in 2050 
respectively.  
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150. Precipitation changes are significantly varied over seasons. Figure 11 and Figure 12 show 
the average monthly precipitation changes in 2050 for the four project cities and Xingkai Lake 
under the low and high climate change scenarios, respectively. However, the differences are 
small between the two scenarios. Significant precipitation increases are projected for the cold 
months from November to February, followed by months from March to August. Small increase 
and/or decreases are projected for September and October. This suggests that there will be 
heavier and more frequent heavy snow falls/cover over the east Heilongjiang region, which will 
affect the transport systems.   

Figure 11: Projected Monthly precipitation changes in 2050 under  
low climate change scenario for east Heilongjiang cities 

 

Source: Asian Development Bank 
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Figure 12: Projected Monthly precipitation changes in 2050 under  
high climate change scenario for east Heilongjiang cities 

 

Source: Asian Development Bank 

 

151. Historically there is large inter-annual variance in precipitation in the east Heilongjiang 
sub-region. Changes temperature and moisture regimes will further increase the variability and 
resulting to seasonal and extended droughts and more frequent floods. 
 

4.3 Climate change impact on extreme climate events  

152. One of the important aspect of climate change is increased frequency and severerity of 
extreme events, such as storms and resultant flash floods. In a skewed distribution such as that 
of precipitation, a change in the mean of the distribution generally affects its variability or spread 
(Figure 13), and thus an increase in mean precipitation would also imply an increase in heavy 
precipitation extremes, and vice-versa (Cubasch et al, 2013). In the other hand, heavy 
precipitation events can also increase and/or become more frequent even in the absence of 
changes in annual precipitation accumulation. 
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Figure 13: Change in skewness of distribution of precipitation (IPCC, 2013) 

 
Source:  adopted from IPCC Fifth Assessment Report (AR5) https://www.ipcc.ch/report/ar5/syr/ 

 

153. As reported earlier, GCMs are projecting significant increases in both winter snowfall and 
summer rainfall in 2050 over the east Heilongjiang sub-region. This suggest more frequent and 
intensive precipitation events in the sub-region. Because managing floods is a major purpose of 
the proposed river works and other infrastructure, the CRVA team puts  high priority in assessing 
the future heavy rainfall events based on the selected scenarios. 

4.3.1 Heavy Rainfalls and storms 

154. In this study, heavy rainfall change ratios in the east Heilongjiang sub-region are derived 
from analysing daily precipitation data of the median GCM outputs among the 19 model 
ensembles. A generalized extreme value distribution (GEV) function is applied  to each station in 
describing its annual maximum daily rainfall and modelled runoff. Table 4 and Source: Asian 

Development Bank 

 

155. Table 5 show the maximum daily rainfall and modelled runoff depth derived from  GEV  
function for different recurrence periods at Hegang and Jixi, respectively. Different from the annual 
and monthly total precipitation, there is very little difference in maximum daily rainfall projected 
under low and high climate change scenarios.  

156. The change ratios of the GEV parameters are applied to observed GEV function 
parameters to construct a future GEV distribution. Based on the baseline GEV and its changes 
under different scenarios, a new set of time series data can be constructed for each station. 
Following are the steps involved in the calculation: 

1) For a observed daily heavy rainfall event, its return period was calculated from the baseline 
GEV function;  

2) The return period was input to the future GEV function to derive the daily precipitation 
intensity; 

https://www.ipcc.ch/report/ar5/syr/


 
 

27 
 

3) The derived precipitation is then used to construct the time series data.  As shown in Table 
4 and Source: Asian Development Bank 

 

4) Table 5, the maximum daily rainfall is projected to increase about 9% whilst the resultant 
runoff will increase about 10% in the east Heilongjiang region. This is a significant increase and 
will certainly affect a number of infrastructure proposed in this project, including river works, roads 
and bridges, water supply, drainage networks, and so on.   

Table 4: Maximum daily rainfalls and modelled runoff depth for baseline,  
low (RCP4.5), and high (RCP8.5) scenarios in Hegang 

Return 
period 
Years 

Maximum daily rainfall Maximum daily runoff 

Baseline 
(mm) 

Rcp45 
(mm) 

Change 
Rcp85 
(mm) 

Change 
Baseline 

(mm) 
Rcp45 
(mm) 

Change 
Rcp85 
(mm) 

Change 

2 56.0 60.5 8.06% 60.0 7.09% 25.6 27.6 7.99% 27.4 7.03% 
5 73.0 79.0 8.26% 78.5 7.57% 33.6 36.4 8.52% 36.2 7.79% 

10 83.0 90.0 8.43% 89.6 7.99% 38.3 41.7 9.03% 41.5 8.49% 
20 91.8 99.7 8.61% 99.5 8.42% 42.4 46.5 9.56% 46.4 9.23% 
25 94.4 102.6 8.67% 102.5 8.56% 43.7 47.9 9.73% 47.8 9.47% 
50 102.0 111.0 8.84% 111.2 9.00% 47.3 52.2 10.28% 52.2 10.24% 

100 108.9 118.7 9.02% 119.2 9.44% 50.7 56.1 10.83% 56.2 11.02% 
Source: Asian Development Bank 

 

Table 5: Maximum daily rainfalls and modelled runoff depth for baseline, low (RCP4.5), 
and high (RCP8.5) scenarios in Jixi 

Return period 
Years 

Maximum daily rainfall Maximum daily runoff 
Baseline 

(mm) 
Rcp45 
(mm) 

Change 
Rcp85 
(mm) 

Change 
Baseline 

(mm) 
Rcp45 
(mm) 

Change 
Rcp85 
(mm) 

Change 

2 48.3 51.9 7.39% 52.1 7.93% 20.4 21.9 7.33% 22.0 7.87% 
5 64.7 69.7 7.64% 70.0 8.17% 27.3 29.5 7.73% 29.6 8.26% 

10 75.2 81.2 8.04% 81.5 8.44% 31.8 34.4 8.29% 34.5 8.69% 
20 84.9 92.1 8.52% 92.3 8.74% 35.9 39.1 8.95% 39.2 9.16% 
25 87.9 95.5 8.69% 95.7 8.85% 37.2 40.6 9.18% 40.6 9.32% 
50 97.0 105.9 9.23% 105.9 9.17% 41.0 45.1 9.91% 45.0 9.83% 

100 105.7 116.1 9.81% 115.8 9.51% 44.7 49.5 10.69% 49.3 10.37% 
Source: Asian Development Bank 

 

4.3.2 Heavy snow falls and snow cover 

157. East Heilongjiang sub-region is historically a snow prone region. As  there is not maximum 
snow depth recorded in the meteorological over station records, we analysed the precipitation for 
winter months (from November to February). For Jixi station,  there are 27 times that the sub-
region received  over 10mm precipitation within a winter month from 1951 to 2010.   

158. CMIP5 GCMs project 15-20% of increases in precipitation of those winter months in 2050.  
This will lead to more severe snow falls and longer period of snow cover in the region. There will 
also be increased frequency of severe snow storms as a result of changed temperature and 
moisture regime during the cold season in east Heilongjiang sub-region. 

4.3.3 Extreme temperature events  

159. The temperature of east Heilongjiang sub-region is very cold in the winter and mild during 
the summer. The project temperature increases are quite significant in the region. However, it is 
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unlikely to have too many severe heat waves in the region as it is generally cool and mild even in 
the summer season.  

160. One of the possible adverse influences is likely increases in evaporation during the 
summer season caused by rising temperature. This may cause or exacerbate drought situations 
of summer seasons when it has inadequate precipitation. 

4.3.4 Extreme high temperature and heat waves 

161. It is projected that temperature will be increased significantly in the east Heilongjiang sub-
region. This is likely to cause extremely high temperature and heat waves in the future.  The GEV 
methodology is also applied to analyse the extreme maximum temperature of east Heilongjiang 
sub-region based on observed data for meteorological stations of Jixi and Fuji over a 60 years 
period 1951-2010. Climate change scenarios are also applied to the GEV analysis result to project 
the potential extreme maximum temperature in 2050. The analysis results are shown in Table 6. 

Table 6: Observed and projected extreme maximum temperature for 2050 under low 
(RCP4.5) and high (RCP8.5) scenarios (°C). 

Return periods 
Observed 

(1951-2010) 
RCP4.5 projection 

(2050) 
RCP8.5 projection 

(2050) 

5 35.0 35.4 35.8 
10 35.7 36.2 36.7 
20 36.2 36.8 37.5 
25 36.3 37.0 37.7 
50 36.7 37.6 38.5 
100 37.0 38.0 39.3 

Source: Asian Development Bank  
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5 Climate change impact on regional economy and vulnerability of relevant economic 
development plans to climate risks 

162. The purpose of this chapter is to discuss the impact of climate change on regional 
economy and vulnerabilities of national, provincial and city level economic development 
strategies/plans to climate risks.  

163. The economy of east Heilongjiang sub-region is currently in a difficult situation. The four 
project cities, Hegang, Shuangyashan, Qitaihe, and Jixi, were formed historically because of coal 
mining in early 20th Century. The economy of the four cities has been dependent on coal mining. 
In recent years, the coal dependent economy has been seriously affected by declining coal price 
in China as well as declining coal mining productivity that caused by depletion of coal reserves.  

164. It is realised locally and provincially that the four coal cities need to develop a more 
diversified economy. At provincial level, the economic development of the four cities is guided by 
the 13th Five-Year Economic and Social Development Plan of Heilongjiang Province (2016 – 
2020) and the Economic Transformation Plan for Four Coal Cities in Heilongjiang Province (2014 
– 2020). At city level, each city has also outlined their economic plans by the 13th Five-Year 
Economic and Social Development Plan and their City Master Plans (2010 – 2020 or 2013 – 2030 
varied by city).  

165. The purpose of this chapter is to discuss climate change on the economy of east 
Heilongjiang sub-region and to assess the vulnerability of the proposed economic development 
plans to climate risks. 

 
5.1 Economic development plans proposed by provincial and city level governments 

166. The provincial and city level economic development plans are generally consistent with 
each other. The overall economic development objectives set by these plans/policies are: 

(i) GDP growth rate of the four coal cities catches up with the average of Heilongjiang 
Province in 2020; 

(ii) Non-agriculture industry growth)catches up up with the average of Heilongjiang Province 
in 2020; 

(iii) Reduce the coal mining weighting in the non-agriculture industry productivity values from 
51.4% in 2014 to 40% in 2020.    

167. The core strategy of the proposed plans is so called ‘Dual-Wheel-Drive Economy’ that 
suggest to develop both ‘Coal and Non-coal’ economies within the four coal cities. The coal 
economy policy is aimed to maintain the coal mining productivity level and to develop coal based 
chemical industries and coal-fired electricity generation. The plan proposes to improve the current 
mining efficiency and to extend the life of mining industries by a series of measures such as 
consolidate current mining enterprises, updating mining techniques, and exploring new coal 
reserves. The objectives of coal based chemistry and coal-fired power stations are shifting, at 
least a proportion of, direct raw coal trading to chemical products and/or electricity trading. This 
will create more employment opportunities and raise the regional economic productivity. The non-
coal economy is to develop alternative industries. Most proposed new growths are aimed to 
strengthen existing or emerging new industries within those cities.   

168. Pillar industries are outlined for each city in their own 13th Five-Year Economic and Social 
Development Plan and relevant provincial plans. The overall economic objective of Hegang City 
is to increase the above-size industrial added value to ¥20 billion, and reducing the current coal 
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industry weighting from 60% to 30% by 2020. Pillar industries are maintaining current annual coal 
mining productivity level of 20 million tons, coal-fired power stations and coal chemistry, graphite 
materials, green food processing,  and tourism  

169. Objectives of Shuangyashan City are annual GDP growth for at least 6%, and above size 
industrial added value growth at about 15%.  The pillar industries of Shuangyashan City are coal-
fired power stations and coal chemistry industries, steel and metallurgy, green food production, 
and tourism.  

170. Qitaihe City is aimed at an average annual GDO growth of 6.5% by developing pillar 
industries of coal mining productivity maintained at the current 25million tons/year, furniture/wood 
product industries, machinery manufacturing, resource recycling industries and green food 
production.  

171. The overall objective of economic development plans of Jixi City is average annual GDP 
and industrial added value growth 8% and 15-20% respectively between 2016 and 2020. 
Proposed pillar industries are maintaining current annual coal mining productivity level of 28 
million tons, coal chemistry, graphite materials, green food production, pharmaceutical industry, 
machinery manufacturing, and renewable energy. 

172. In summary, there are  categories of industries are proposed by provincial/city 
governments for the period of 2016 – 2020, including 1) coal mining/processing, coal-fired power 
stations, and coal chemistry; 2) graphite materials; 3) green food production; 4) machinery and 
wood product manufacturing; 5) tourism; 6) metallurgy and building material; 7) pharmaceutical 
industry;  and 8) renewable energy and resource recycling.  

5.2 Climate change impact on the economy of east Heilongjiang sub-region 

173. As reported in Chapter 4, the climate projections suggest that there is likely rising 
temperature, precipitation, increased frequency and intensity of extreme climate events, and 
coupled with larger climate variability in east Heilongjiang region. Those projected climate 
changes are likely to impact on many aspect of the economy in east Heilongjiang region.   

174. Agriculture is one of the major sectors that are likely to be impacted by climate change. 
Agriculture is an important sector that makes up approximately a quarter of the total economy of 
east Heilongjiang region. The rising temperature and precipitation will change the environment of 
the current crop varieties and species and cropping management practice. The rising temperature 
will also lead increased demands for irrigation water. The extreme climate events may result 
damages to crop, livestock, and aquaculture.  The increased climate variability may also lead to 
extended drought and water deficiency for irrigation. Furthermore, climate change may alter the 
local pest and disease complex. Usually warming may have adverse impacts since it creates an 
environment more favourable to a wide variety of pests.  

175. Climate change is unlikely to have major direct impact on the mining sector. Changes in 
the frequency and intensity of storm events have the potential to impact on mining operations, 
however, these impacts can normally be addressed as part of the mine’s water management plan. 
Therefore, the most likely climate risks are probably in the post-mining coal processing and 
storage. The current processing procedure consumes considerable volume of water. This will 
contribute significantly to regional water deficiency during seasonal and/or extended drought 
caused by increased inter-annual precipitation variability. In the other hand, increased 
precipitation will also reduce the coal quality by raising the coal moisture content. Extreme climate 
events may also cause damages to facilities of coal mining, storage and transportation. 

176. The transport/logistic systems are another sector sensitive to climate change. The 
increased winter snow events will affect the city and regional road transportation and airports. 
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Cost will rise significantly for removing snow covers on the road and other transport infrastructure. 
This will cause rising cost of supplies to industries and community households. The disruption of 
transport/logistics will also affect the productivity and daily life of the community.  

177. The infrastructure of east Heilongjiang region has been improved significantly in recent 
years, especially the road, water and power supply, and heating systems. Many infrastructure 
projects are also planned and/or in the process of implementation.  However, the infrastructure of 
the east Heilongjiang region is still subject to climate risks such as severe storms, strong winds, 
and heavy snow falls. Those will be a serious challenge to the current drainage systems, roads, 
rail and other infrastructure that were designed/build with current or even earlier standards.  

178. Severe storms and floods may cause damages to roads, rails, and interrupt services such 
as water supply, drainage system, and the transport. Strong winds may also damage the power 
supply and other infrastructure.   Those will seriously affect the city functions, community daily life 
and economic activities of all aspects. There may also be increased cost for maintaining and/or 
upgrading the city and regional infrastructure. Therefore, it is suggested the authorities to consider 
the impact and risks of climate change in new infrastructure projects to extend the infrastructure 
life and avoid the high maintaining cost and affect to the economy. 

179. The current economy of east Heilongjiang sub-region has been dominated by high 
emission industries, such as mining, steel and metallurgy, and coal-fired power stations. Those 
industries are subject to be limited by the Chinese government policies as currently happening in 
some more developed parts of the country already. The price is very high for transforming high 
emission industries. The east Heilongjiang sub-region is now in an economic transformation 
process from coal-mining to a diversified economy. It will be economically beneficial if the current 
transformation takes into account of China’s climate change mitigation policies.  

180. In summary, the economy will be affected in many aspects by climate change in east 
Heilongjiang region.  It will be beneficial to the regional economy if actions are taken early. The 
possible actions may include raising awareness in all levels of government, community and 
industries. Adaptation plans should also be developed at all levels of government. Mitigation, and 
adaptation/proofing measures should also be integrated into designs of all new infrastructure and 
other industry facility and plans.  

5.3 Climate risks and vulnerability of provincial and city level economic plans 

181. As reported in the above section, the proposed economic development plans/strategies 
include both coal and non-coal industries, which are probably equally important during the 
economic transformation process of the east Heilongjiang sub-region.  The former is important in 
maintain the current productivity and employment. The latter is important for a more sustainable 
economy for these coal cities in long term.  

182. However, the sustainability of those proposed plans/strategies industries may be subject 
to climate risks if their vulnerability to future climate is not taken into account in the development 
and implementation of the plans/strategies. The vulnerability and climate risks of those proposed 
strategies are assessed and reported in the following sections.    

5.3.1 Climate risks and vulnerability of proposed coal related industries 

183. In general, climate change is unlikely to have major direct impact on the coal mining if 
sufficient operation and management measures are in place already. However, regulations and 
management strategies may need to be strengthened or improved in east Heilongjiang sub-region 
in order to manage factors such as environmental pollution issues relating to rehabilitation and 
remediation.  
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184.  However, the coal chemistry and coal-fired power stations may be affected directly or 
indirectly by extreme climate events and available water resource changes caused by changes in 
precipitation regimes. Table 7 shows the potential climate risks to the coal and coal related 
industries in east Heilongjiang sub-region.  In general, climate change is unlikely to have a major 
direct impact on the coal mining industry, however, regulations and management strategies may 
need to be strengthened in east Heilongjiang region in order to manage factors such as water 
usage and environmental issues relating to rehabilitation. Changes in the frequency and intensity 
of storm events have the potential to impact on mining operations (e.g. tailing dams, sediment 
and erosion control); however, these impacts can normally be addressed as part of the mine’s 
water management plan.    

Table 7: Potential climate risks to Coal related industries in east Heilongjiang. 

Industries Potential climate impacts 
Risk 
level 

Possible resilience 
source 

Coal mining 

1) Changes in the frequency and intensity of storm 
events have the potential to impact on mining 
operations (e.g. tailing dams, sediment and 
erosion control)  

Low 
Improved mine 
environmental and 
water management. 

Coal 
chemistry 

 

1) Facility damages caused by increased extreme 
climate events, such as severe storms, strong 
winds and snow; 

2) Competing water consumptions with other 
sectors; 

3) Productivity affected by disruptions of transport-
logistics caused by  extreme climate events  

Low 
Improved operation 
and management 
procedures. 

Coal-fired 
power stations 

1) Higher temperature will reduce generation 
efficiency but risk for east Heilongjiang is limited; 

2) Extreme climate events may damage 
infrastructure and disrupt supplies 

3) Changes in water availability may lead to 
competing water use with other sectors. 

Med 
Improved operation 
and management 
procedures. 

Source: Asian Development Bank 

 

185. The potential climate risks coal chemistry and electricity power stations are likely relating 
to the regional water resources. The changed inter-annual precipitation variability may cause 
fluctuations in available regional water resources. The other proposed industries, such as green 
food production, may also require substantial volume of water resources. Total water demands 
may exceed the available regional water resources during dry seasons and/or years.   

186. The largest climate risk to the coal related industry is likely to come from meeting China’s 
mitigation policy and growing community concerns over environmental issues. Air pollution 
becomes a major issue in some parts of China already. East Heilongjiang sub-region should learn 
from the lessons of other part of China and carefully plan their coal-related industries to avoid 
such risks.  

5.3.2 Climate risks and vulnerability of proposed green food production 

187. The proposed green food production is comprised of two components. One is to develop 
modern agriculture, aquaculture, and livestock to produce the green food material. The other is 
factory based food processing industry to add values to the traditional agricultural products.  

188. Agriculture has been an important sector in east Heilongjiang region. East Heilongjiang 
region is located in the ‘Three-River Plain’ that is one of the famous state commercial grain 
production region. The modern agriculture development policy is combined with a variety of 
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agricultural development projects and food processing industries. The proposed agricultural 
development activities include a variety of activities that are in the following categories: 

(i) Irrigation – new irrigation development for 1.5 million mu 
(ii) Animal husbandry improvement/development 
(iii) Aquaculture development/improvement in rivers and lakes 
(iv) Food processing/manufacturing  

The potential climate risks to the proposed agriculture and food processing development 
industries are summarised in Table 8. 
 
 

Table 8: Climate risks to the proposed modern agriculture and  
food processing industries in east Heilongjiang region 

Industries Potential climate impacts 
Risk 
level 

Possible resilience 
source 

Irrigation 
Development 

1) Greater annual and seasonal variability in 
precipitation and temperature may result   annual 
and seasonal fluctuations in water availability 
and reservoir storage.  

2) Increased temperature/evaporation may lead to 
increase in irrigation water demands and/or 
reduction in water available for irrigation 

3) Severe storms may increase in frequency and 
intensity and damage infrastructure                                

Med 

Develop integrated 
regional and/or 
watershed water 
resource 
management plans 

Animal 
husbandry 

1) Changed climate regime may cause changes in 
feedstuff availability; 

2) Changes in temperature, precipitation and 
humidity may alter the distribution of pests and 
diseases, leading to increased pest infestations 
and incidence of disease; 

3) Extreme climate events, such as severe storms, 
floods, and extreme snow falls and extend snow 
cover, may cause harm to livestock, damage to 
farm infrastructure, and affect transportation 
hence affect supply chains. 

Low 

Develop robust 
operation and 
disease control plans 
and procedures 

Aquaculture in 
rivers and lakes 

1) increases in precipitation, precipitation, run-off 
and floods may increase pollution loads from 
pesticides, herbicides,  fertilizers, industrial, 
household, and agricultural waste (including 
manure) contaminating fish and decreasing 
productivity 

Low 
Develop regional 
environmental 
management plans 

Food 
processing 

1) Increased temperatures and humidity may 
promote bacterial and fungal growth 

2) Alternating freezing and thawing may promote 
bacterial and fungal growth                                                                                            
Increased precipitation  

3) and flooding may increase the spread of 
waterborne diseases 

4) climate change may result in changes in food 
material quality and productivity 

5) climate change may result in fluctuations in 
prices of food material, hence the market                                                                                                                                       

Low 
Develop robust 
operation plans 

Source: Asian Development Bank 

 

189. It is an ambitious plan to develop 1.5 million mu (100,000 ha) new irrigation in east 
Heilongjiang region by 2018 as proposed by the provincial strategy. As the provincial plan does 
not provide further details, the climate risks can only discuss with general terms.  For such large 
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scale irrigation development, it is essential to ensure that there is sufficient and sustainable water 
resource for the irrigation schemes.  

190.  Although the projected precipitation is likely to increase, it does not necessarily lead to 
increases available water resource for expanding irrigation areas in this scale. This is because 
the rising temperature will also result in higher evaporation. The increased temperature and 
evaporation will also lead to increased irrigation water demands. Extreme weather events, such 
as severe storm, and flood, may cause irrigation infrastructure degradation and damage.  It is 
suggested that government should take into account of both the current water availability and 
climate change impact on future water availability in their irrigation project designs. Furthermore, 
the irrigation infrastructure should also be designed with sufficient capacity to resist extreme 
climate events, such as severe storms and floods. 

191. The planned animal husbandry development is mainly focused on developing large size 
piggeries and dairy farms to raise productivity. The potential climate risks to large scale livestock 
production may include, but not limited to, (i) changes in climate regime may cause changes in 
feedstuff availability; (ii) changes in temperature, precipitation and humidity may alter the 
distribution of pests and diseases, leading to increased pest infestations and incidence of disease; 
and 3) extreme climate events, such as severe storms, floods, and extreme snow falls and extend 
snow cover, may cause harm to livestock, damage to farm infrastructure, and affect transportation 
hence affect the supply chains. 

192. Considering those possible climate risks/impacts, it is suggested that livestock 
development project design should consider more tolerant livestock varieties and species, 
develop appropriate operation and management procedures, such as milking schedule and feed 
stuff planting and harvesting schedule. Comprehensive pest / disease control strategies are also 
essential to cope with changed climate environment. Farms may also adopt smart agricultural 
practices to reduce impacts from cold / heat waves, drought/flooding and other extreme weather 
events. 

193. The planned fisheries development is to develop aqua-farms for producing Xingkai Lake 
‘Big-White-Fish’ (Culter dabryi shinkainensis) and other local fish species. The projected 
increases in precipitation, precipitation, run-off and floods may increase pollution loads from 
pesticides, herbicides, fertilizers, industrial, household and agricultural waste (including manure) 
contaminating fish and decreasing productivity.  

194. The green food processing is proposed for ADB funding and related climate risks will be 
assessed with further detail and reported in other chapters.  

5.3.3 Climate risks and vulnerability of the proposed manufacturing industries 

195. Manufacturing is one of the major proposed alternative industries in both the provincial 
and city level proposed strategies. The strategy is aimed to strengthen/expand the current 
enterprises and/or to develop new enterprises in different cities. Those include manufacturing 
high-tech graphite materials, mining machinery, furniture and wood products, medicine, and 
metallurgy and building material. The renewable energy and resource recycling are considered 
as mitigation activities and will be not assessed. The potential climate risks to the proposed 
manufactory industries are summarised in Table 9. 

196. As shown in Table 9, the potential climate risks to the manufacturing industries are 
increased energy, water and maintenance costs, increased costs from manufacturing asset 
damage, loss of operations, reduced production and price spikes of manufacturing inputs, and 
other indirect risks such as disrupted raw material supply and product delivery, resulted by 
increased frequency of extreme climate events on transport/logistic system.  



 
 

35 
 

Table 9: Potential climate risks to manufacturing industries 

Industries Potential climate impacts 
Risk 
level 

Possible 
resilience source 

High-tech graphite 
material  
 

1) Changed regional water availability may 
affect the graphite purification/processing 

2) Extreme climate events may affect the 
graphite mining and processing 

3) Waste water and pollution issue may be 
exacerbated by climate change 

Low 
to 
Med 

Waste water 
treatment/recycling  
Robust operation 
and environmental 
management 
plans/procedures 

Machinery 
manufacturing 

1) Extreme climate events may cause delays 
to operations as well as damage to 
manufacturing facilities and equipment 
through 

2) increased water and the moisture 
penetration; 

3) increase ground and foundation movement; 
and  

4) Degradation and failure of pipe and 
waterway structures. 

Low Robust operation 
plan and 
procedures 
Adaptation and 
mitigation 
measures to 
reduce 
energy/water 
consumption  

pharmaceutical 
industry 

1) Increased energy cost due to changed 
temperature and precipitation regime 

2) Facility damages caused by extreme climate 
events 

3) Environmental pollution issue may be 
exacerbated by climate change 

4) Higher temperature and precipitation may 
accelerate equipment degradation 

Low Robust operation 
plan and 
procedures 
Adaptation and 
mitigation 
measures to 
reduce 
energy/water 
consumption 

Furniture and 
wood products 

1) Extreme climate events may cause facility 
damages and disruptions of production  

2) Higher temperature may cause high fire 
risks  

3) National/international mitigation policies may 
limit timber/wood supplies  

Med Robust operation 
plan and 
procedures 
Adaptation and 
mitigation 
measures to 
reduce 
energy/timber 
consumption 

Metallurgy and 
building material 

1) Increased energy cost due to changed 
temperature and precipitation regime 

2) Extreme climate events may cause facility 
damages and operational disruptions 

3) National mitigation and environmental 
policies may affect the industry 

Med Robust operation 
plan and 
procedures 
Adaptation and 
mitigation 
measures to 
reduce 
energy/water 
consumption 

Source: Asian Development Bank 

197. Similar to the coal related industries, there is also a mitigation issue for the manufacturing 
industries in east Heilongjiang sub-region. Best practices should be adopted in the project designs 
to reduce consumptions of water, energy, and other raw material such as timber for the wood 
product industry. The steel and metallurgy as well as building material industries may also facing 
completion from other parts of the country. For example, steel production capacity is required to 
be reduced in many more developed parts of China already. The proposed furniture/wood product 
industry will be vulnerable to declining wood/timer supplies due to increased mitigation 
requirement in China and internal policies.   

5.3.4 Climate risks and vulnerability of the proposed tourism  

198. Tourism is proposed by three of the four coal cities Hegang, Shuangyashan, and Jixi. 
Those tourism resources include the Border Rivers, lake, wetlands, forestry and black soil 
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agriculture. All those tourism resources are subject to medium climate risks, which are 
summarised Table 10.  

Table 10: Climate risks to proposed tourism development in east Heilongjiang 

Industries Potential climate impacts 
Risk 
level 

Possible 
resilience 

source 

Rivers, lakes 
and wetlands 

1) Changes in temperature and precipitation regimes 
may affect the flows of rivers and sizes of lake, and 
wetlands; 

2) Increased frequency of draught may affected the 
ecosystems of rivers, lakes and wetlands   

Med 

Robust 
environmental 
and water 
resource 
management 

Forestry and  
agriculture 
 

1) rising temperature and increased precipitation may 
cause changes of the biodiversity of the forest 
ecosystems; 

2) forest and agriculture may be affected by changes 
in  plant and wildlife-insect populations and 
distribution, infectious disease ranges  due to 
changed climate regimes; 

3) Higher temperature increase risks of forest fires. 
4) Agriculture may also affected by water shortages 

caused by increased frequency and intensity of 
drought.  

Med 

Robust water, 
agricultural, 
and ecosystem 
management  

Other facilities 
and business 
operations 

1) Extreme climate event may cause disrupted 
operations   

2) Increasing frequency and intensity of extreme 
climate events may cause damages to tourism 
facilities and increased insurance costs 

3) Climate impact on transport/logistics may lead 
higher supply costs and disruptions 

Med 
Robust 
operational 
procedures  

Source: Asian Development Bank 

 

5.4 Summary 

199. The economy of east Heilongjiang region and the provincial proposed economic 
transformation strategy covers a wide range of industries. Climate risks to each of those industries 
deserve to be assessed comprehensively. Discussions of this study are only a preliminary 
assessment based on limited industry information. It is suggested that provincial and city 
governments conduct more detailed assessment for each proposed industry and/or project in its 
implementation process. 

200. Another issue is the regional water resources. Many provincial government proposed 
alternatives industries are closely relating to available water resources, such as irrigation 
development and coal-fired power stations. Although the projected precipitation is likely to 
increase in the region, the available water resource is still likely to be a limiting factor to the 
regional economy because of the increases inter-annual variability and increased evaporation 
caused by rising temperature. Therefore, it is suggested that governments of east Heilongjiang 
region to develop integrated regional water resource management, with consideration on climate 
change cause potential changes in water resource.    

201.   Finally, the floods of east Heilongjiang region are not only caused by local intensive 
precipitation but also from upstream s of SonghuaJiang River or Heilongjiang River when 
intensive precipitation falls in upstream catchments of those rivers. The CRVA team suggests the 
provincial government to carry out independent study on the future floods management based on 
both historical and future climate projections to manage the impact on both east Heilongjiang and 
provincial economic development.  
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6 Climate risks and vulnerability of urban development plans of four project cities 

203. Urban development for four coal cities is an important component of the Economic 
Transformation Plan for Four Coal Cities in Heilongjiang Province (2014 – 2020). Historically, 
mining has dominated the economies of four coal cities. Mining companies had more economic 
and political power than city governments until recent years. This led to very limited investment 
to urban infrastructure for many decades and left very poor urban fabric to those these coal cities. 
Recent investment from different levels of government has built up major road network that 
connects east Heilongjiang sub-region to other major cities. Fast rails are also under construction 
to connect these coal cities to Harbin and other large cities. However, infrastructure is still poor in 
many parts of these coal cities. Upgrading urban infrastructure becomes an essential factor for 
the proposed economic transformation in order to attract invests and skilled works in developing 
alternative industries. 

204. At city level, a master plan has been developed by all four cities as their urban 
development blue prints. Each City Master Plan provided comprehensive plans for city’s land use, 
infrastructure, and economic and social development objectives, including population projection 
and alternative industries and so on.  

205. Based on the Master Plan, the 13th Economic and Social Development Plan (2016 – 2020) 
of each city has outlined more detailed urban development plans for each city, including details 
such as upgrading specific road, and/or specific section of water supply/drainage network. Many 
proposed projects to ADB are part of such plans. 

206. Climate change is recognised to impose wide range of risks to the existing and future 
infrastructure. The CRVA team will provide detailed climate risks and vulnerability assessment to 
those infrastructure proposed for ADB funding. However, it is also worthwhile to provide more 
general assessment to those infrastructure funded by non-ADB funding to assist the city 
authorities in building more resilience cities by developing proofing and/or adaptation measures 
in their urban development process. 

207. The urban development plans of Hegang, Shuangyashan, Qitaihe, and Jixi will be 
summarised in Section 6.1 and followed by sections that assessing climate risks and 
vulnerabilities for each category of infrastructure in the urban development plans. 

 
6.1 Climate risks and vulnerability of the Master Plan of Hegang City  

208. Hegang is the northernmost of the four cities with a total area of 14,648 km2. It borders 
with Russia along the Heilongjiang River in the north, and with Jiamusi City in the south, mostly 
along the Songhuajiang River. The west of Hegang is the Xiaoxing’anling, a major mountainous 
range in Heilongjiang Province. The east Hegang city is part of the Sanjiang plain that is one of 
China’s ‘Grain Silo’.  There are 6 urban districts and 2 counties under the administration of Hegang 
City.  

6.1.1 Urban development and environmental protection plans of the Master Plan of Hegang 

City 

209. The Master Plan of the Hegang City (2012 – 2020) is aimed to make Hegang City the 
central city in the northeast Heilongjiang Province with favourable living environment and 
specialised in renovated mining resource uses. More detailed objectives are economic 
transformation, open economic system focused at foreign trade with Russia, conserving the city’s 
ecological environmental, high quality living environment with harmonious city and nature 
environment, establish robust social security and services (such as insurance, health, commerce, 
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education etc.), develop cultural environment to promote scientific and technologies in the 
economic development, and improvement of the urban-rural management.  

Figure 14: Land use map of central Hegang City  
Master Plan of Hegang city (2012 -2020) 

 

Source: Adopted from Hegang City Master Plan (2012 -2020), 2013, Hegang City Government 
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210. In general, the Master Plan of the Hegang City (2012 – 2020) is well balanced between 
the city’s economic transformation/development and urban development, including improving and 
conserving the city’s ecological environment. The industry development objectives are to 
transforming the coal-mining dependent economy to a comprehensive economy system that is 
led by energy-chemistry-metallurgy-building material and mining machinery and electronic 
manufacturing industries, together with modern ecological agriculture, tourism, trading and retail, 
and modern services industries.   

211. The five proposed lead industries by the master plan are graphite industries, coal 
chemistry and power generation, green food industries, modern commercial trade and retail, and 
tourism. The first two are the focus of those proposed lead industries. In addition to these five 
lead industries, the plan is also proposed seven important industries, which are mechanical 
manufacturing, wood processing industry, building and new material industry, biopharmaceutics, 
high-tech industries, cultural industries, and energy-saving and recycling economy industries. The 
overall economic strategy of the master plan is consistent with the provincial economic 
transformation strategies and the 13th Economic and Social Development of Hegang City. 

Table 11: Urban development infrastructure projects proposed for 2016 – 2020 period 

Infrastructure Proposed projects 

Urban road 

1) Upgrade 4 fast urban roads; 
2) Upgrade 17  main urban roads 
3) Upgrade 7 secondary roads and 22 intersections 
4) Upgrade 100 street roads 
5) Construct 1 modern car park and planning for 2 major road 

bridges 

Electricity supply 
A total of 22 projects for urban and rural grid 
upgrade/construction with total investment of ¥914 million 

Water Supply and drainage 

1) Develop an robust urban drainage system by 2020, cleaning 
up water pollution and prevent urban flooding 

2) Connecting three reservoirs for urban water supply, flood 
control and rural irrigation 

Heating system 
Upgrade and/or construct heating supply pipelines to cover 
85.9% of urban areas, in combination with constructing two coal-
fired power stations 

Gas supply network 
Construct gas supply pipelines, natural gas filling stations to 
achieve 95% gas supply coverage to the urban area by 2020 

Parks and recreation 
facilities 

Construct more green fields and planting trees along roads, and 
other cultural and exercise parks etc 

Waste management 
Invest in waste collection, urban roads/streets/snow cleaning. 
Develop waste treatment capacity  

Industrial park infrastructure 
Develop appropriate roads, water supply, drainage, waste water 
treatment for industrial parks. 

River rehabilitation works 
Complete river rehabilitation works for the small Helihe River and 
widen the main city gate road  

Source: Asian Development Bank 

212. The Master Plan of the Hegang City (2012 – 2020) has also developed detailed land use 
plan for the central Hegang city (Figure 14). The land use outlined three categories of land uses 
for urban development in order to protect purposes: 

213. Areas prohibited for development, including mountainous forestry, water resource 
collection catchments of two major reservoirs, and areas with elevation above 300 metres and 
with slope greater than 25°, other mountain protection zones, earthquake active belts, and core 
areas with mining resources. 

214. Areas for limited development, including areas on the edge of ecological protection zones, 
planned prospective future urban land uses, and important infrastructure corridor. Development 
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projects may be approved for those areas if only they are compatible with the planning rules and 
no new towns/centres are allowed.    

215. Areas suitable for developments are planned urban and rural development areas. The 
development of such areas is also required to follow the land use plan of the master plan.  

216. The 13th Economic and Social Development Plan of Hegang City (2016 – 2020) has also 
reflected the urban development and environmental protection plans with more details on plans 
on infrastructure development and environmental protection projects over the five years period 
as shown in Table 11.   

6.1.2 Environmental protection plan of Hegang City 

217. The master plan also outlined other environmental protection objectives for compliance 
with relevant state air and water quality standard. Those include: 

(i) Urban air quality to meet the 2nd grade of the state Environmental Air Quality Standard 

(GB3095－2012) 

(ii) The water quality of major river and lakes to meet the relevant requirement and the state 
Surface Water Environmental Quality Standard (GB3838-2002) 

(iii) Noise level to meet the requirement of the State Noise environmental Quality Standard 
(GB3096-2008)  

(iv) Total air and water pollutant volume to meet the state and provincial requirement. 
Detailed measures have also been outlined in the plan for achieving those environmental 
objectives by the master plan. 

218. Other environmental protection related plan is that the projected water consumption of the 
Hegang city will be 887.43 million m3by 2020, including household needs of 42.69 million m3, 
industry water needs 840.82 million m3, and environmental water needs 3.92 million m3. The total 
projected water needs in 2020 is nearly twice of the volume of current water supply capacity. This 
leads to a number of water resource development projects to be implemented before 2020, 
including enlarge the current reservoirs and/or construction of new reservoirs, and water supply 
and irrigation facilities.   

6.1.3 Potential climate risks and vulnerability of urban development and environmental 

plans of Hegang City 

219. In general, the Master Plan of Hegang City (2010 – 2020) is comprehensively designed 
with balanced economic perspectives and environmental protection plans and measures. The 
plan provided overall guidelines for the economic transformation, urban development, and 
environmental protection. It is an excellent design for outlining three categories of land use and 
protections. The designation of development prohibited areas ensures the best protection of lands 
with vulnerable ecosystem and/or with important environmental functions such as water resource 
collection catchments.   

220. Water resource is one of the areas that may be subject to climate risks. The planned water 
demands will grow doubled by 2020, given that some rural areas of Hegang City where over-
pumping caused declining groundwater table already. As a result of fast growth in water demands, 
a number of water resource development activities are planned in the 13th Economic and Social 
Development Plan of Hegang City (2016 – 2020), which include enlargement of existing reservoirs, 

and/or building new reservoirs and large scale irrigation facility development.  

221. Potential climate risks to the water sector are lying in the increased inter-seasonal and 
annual precipitation variability which may lead to seasonal or extended periods of water deficiency.  
The increased frequency and intensity of extreme climate events may also pose risks to Hegang 
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City’s water supply and production activities relying on water. In the other hand, higher 
temperature will also cause increased water demands from households, industries and urban 
service sectors. The design of water supply system should take those impact into account. 

222. Raising water use efficiency is also critical to the success of the ecological environmental 
conservation as well as all water consumable industries, such as power stations, chemistry plants, 
graphite purification processing and agriculture. Water deficiency has affected the environment 
and productivity in many other more developed regions of China already. Hegang should learn 
those lessons in early station of the economic transformation to avoid consequences of water 
deficiency happened in other regions.  

223. In addition to the water resource availability, extreme climate events may also cause 
damages to water resource/supply facilities. It will be ideally that such risks can be addressed to 
those current water development projects. Furthermore, building dams and irrigation development 
often impose serious environmental impact. Strict environmental impact assessment (EIA) should 
be carried out for those water resource/irrigation development projects.   

224. Climate change is also likely to impose risks to other components of Hegang City’s urban 
development and environmental plans, such as roads, water supply and drainage, and other 
urban infrastructure, which will be further assessed in late chapters in combination with projects 
that are apply for ADB funding. 

225. One of the other potential climate related risks to Hegang City is increased carbon and 
other climate change gas emission. Many proposed lead and/or important industries by the 
master plan are high emission industries, such as coal mining, coal chemistry, coal power stations, 
metallurgy and steel, building material,  and the expanding of coal based central heating system. 
Although low-carbon and sustainable are set up as an important urban development objective, it 
is difficult for developing those industries without increase the city’s emission significantly. This 
will certainly affect the sustainability of the city and also damage the air quality and whole 
environment of Hegang City. The city authority should take the emission issue seriously in the 
economic transformation and urban development process. 

6.2 Climate risk and vulnerability of the Master Plan of Shuangyashan City 

226. Shuangyashan City is also a coal city with a total area of 22,483 km2. It borders with 
Russia in the east along the Wusulijiang River, and with Jiamusi City in the north. The west and 
south are Qitaihe City and Jixi City respectively. It is also part of the Sanjiang plain but the forestry 
of Wandashan mountainous range covers over 65% of the total land area of Shuangyashan City. 
There are four urban districts and 4 rural counties under the administration of Shuangyanshan 
City. The Master Plan of Shuangyashan City is developed for the period from 2010 to 2030, 
different from Hegang City’s 2012 – 2020.  

6.2.1 Urban development plan of the Master Plan of Shuangyashan City 

227. The goal of Master Plan of Shuangyashan City (2010 – 2030) is to make Shuangyashan 
one of the central cities with scenery environment in east Heilongjiang and important energy base 
in Northeast China.  The proposed city functions are China-Russia industrial collaboration base, 
important coal-chemistry-electricity base in northeast region, provincial green food processing  
and steel industry base, a central city in east Heilongjiang Province, and regional tourism centre.   

 

228. Figure 15 shows the planned land use of central Shuangyashang City. Compared with 
Hegang, the central city of Shuangyashan is rather spatially dispersed. There is a bit distance 
between the city centre to its two districts, Sifangtai and Baoshan, which are in the southern end.  
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The overall urban development is to promote northward development in order to integrating the 
four urban districts together with areas of Jixian County, which is names as SHuang Ji Integration 
strategy.  

Figure 15: Land use map of central Shuangyashan City  
Master Plan of Shuangyashan City (2010 -2030) 

 

Source: Shuangyashan City Master Plan (2010 – 2030), 2013, Shuangyashan City Government 

  

229. The Master Plan of Shuangyashan City (2010 – 2030) has also regulated land use into 
four categories for urban development as Hegang did. The four categories are: 
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(i) Development prohibited areas, including all levels of nature reserves, forestry parks, 
important wetlands, areas with slope greater than 25°, and forestry lands with elevation 
above 200 metres. 

(ii) Limited development areas, including current forestry lands, areas sensitive to geological 
hazards, mining zones, and subsidence zones, which requires higher degree of ecological 
protection. 

(iii) Development areas for upgrading, including current urban and industrial areas that require 
upgrading and improvement. 

(iv) Prioritised development areas, are areas excluding the other three categories that 
proposed for prioritised development in the future within the city  

The spatial distribution of four categories of land uses are shown in  
 
Figure 16.  
 

Figure 16: The planned four categories of land uses by the  
Master Plan of Shuangyashan City (2010 – 2030) 

  

Source: Shuangyashan City Master Plan (2010 – 2030), 2013, SHuangyashan City Government 
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230. The master plan has also developed detailed plans for all urban infrastructure 
development, including transport-roads, water supply and drainage, water recycling, electricity, 
communication, heating, gas and environmental engineering and so on. Those plans are the basis 
of the urban development components of the 13th Economic and Social Development Plan of 
Shuangyashan City (2016 – 2020).  

231. Based on the Master Plan of Shuangyashan City (2010 – 2030), the 13th Economic and 
Social Development Plan of Shuangyashan City has proposed to. Upgrading existing 
infrastructure and building new infrastructure for the period of 2016 – 2020 as shown in Table 12. 
These are seen as an important step to improve the urban environment to attract business 
investment and skilled workers. Similar to Hegang, proposed urban development include 
building/upgrading roads, water supply, waste management and so on, which are summarised in 
Table 12. Internet and communication infrastructure is an infrastructure category not in the plan 
of Hegang City. 

Table 12: Urban development infrastructure projects proposed for 2016 – 2020 period 

Infrastructure Proposed projects 
Urban road works Total 86 urban road work projects in central city 
Internet and communication 
infrastructure 

Develop 4G and 5G mobile networks, construct 2332 4G 
transmission stations and develop fibre internet connections 

Water Supply and drainage 
A total of 46 water supply/drainage projects including upgrading 
and/or construct new pipeline networks 

Heating system 
Develop centralised heating system to replace existing single 
boiler based system with large power stations 

Gas supply network 
Promote clean energy, achieving 90% gas supply coverage 
across the city, and 100% natural gas for the central city by 2020 

Waste management and 
waste water treatment  

Invest 22 waste management projects and 18 waste water 
treatment projects. 

Industrial park infrastructure 
Develop appropriate roads, water supply, drainage, waste water 
treatment for industrial parks. 

River works and water 
resource development 

Project preparation for building 6 reservoirs, plus 59 flood control 
projects, and 20 river rehabilitation works, and enhance 
processing capacity for water pumped from coal mines 

Source: Asian Development Bank 

 

6.2.2 Environmental protection plans of Shuangyashan City 

232. The environmental protection plan of the Master Plan of Shuangyashan City (2010 – 2030) 
has set the immediate objects as significant improvement to urban environment and major 
environmental indicators meeting relevant requirements of the national forestry city standard. For 
the immediate objective, major tasks are stabilising water quality for major rivers and lakes, 
bringing water pollution in urban river sections under control, and drinking water sources under 
basic protection, air quality meeting relevant requirements.  

233. The long term objective is significant regional environment improvement with all pollution 
and environmental damages under control. By 2030, the city will achieve harmonious socio-
economic development and environmental protection. The city will fully achieve the objective for 
a Shuangyashan Forestry City that meet all requirements of the State Forestry City Standard.   

234. To achieve those immediate and long term environmental objectives, the master plan has 
also proposed four environmental measures: 
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(i) Water quality protection measures. The first measure is to promote clean production and 
implement strict waste water discharge management system. The second is to expand 
waste water treatment capacity and rainwater drainage network for efficient wastewater 
treatment and recycling. Agricultural waste will also be controlled through standard 
livestock production to reduce pollutions to the river system. Finally, the city will also 
promote water saving to make Shuangyashan a water-saving city. 

(ii) Air quality protection measures, include reducing sulphur dioxide pollution from power 
stations and reallocate these polluting factories and enterprise from the urban area to 
reduce nitrogen and pollutant dust, strengthening the monitoring to those pollutant 
factories such as power stations and chemical factories to ensure pollutant emissions are 
under control, and promoting clean energy and energy efficiency to reduce air pollution. 

(iii) Noise control, including promoting public transport system with optimised public transport 
routes, and control noise emissions from industrial and construction sites. 

(iv) Solid waste management, including promoting robust solid waste collection and treatment 
system, reducing industrial wastes through integrated recycling and management 
measures, and promoting other agricultural and other wastes processing to reduce 
environmental pollutions. 

6.2.3 Potential climate risks and vulnerability assessment for urban development and 

environmental plans of Shuangyashan City 

235. In general, the Master Plan of Shuangyashan City (2010 – 2030) is developed with good 
balances between economic development objectives and environmental protection measures. 
Planning for a 20 years period allows stable urban development within a longer period. Economic 
transformation is also one of the main objectives of the plan. There are also clear environmental 
protection objectives and practical measures. Compared with Hegang, the four land use 
categories are more accurately reflected the urban development priorities in Shuangyashan City.     

236. Water resource is a limiting factor for urban development and environmental protection, 
especially the central city and Jixian County area. Rivers in the region are all small rivers and 
inter-annual variations in river flow volumes are very large. The groundwater has been seriously 
affected by coal mining and consistently declining. The planned economic and urban development 
will putting further pressure on the limited available water resources for the central city and Jixian 
County. Similar to Hegang, a number of water supply and development activities are also planned 
in the 13th Economic and Social Development Plan of Shuangyashan City (2016 – 2020) as 
shown in Table 12. 

237.  Both plans have proposed water resources development measures in order to relief the 
water shortage issue. The master plan is also proposed to build Shuangyashan a water saving 
city. However, it seems lack of effective practical water saving measures. This situation may 
enlarge the gap between the water consumption and available water resources in the process of 
urban development in the future years.   

238. Climate change is very likely to exacerbate the water deficiency issue in the urban 
development and environmental protection of Shuangyashan City. Increased inter-seasonal and 
annual precipitation variability may lead to seasonal or extended periods of water deficiency.  The 
increased frequency and intensity of extreme climate events may also pose risks to the water 
supply and production activities relying on water.  

239. Similar to Hegang, there is also a carbon and other climate change gas emission issue in 
Shuangyashan.  Many of the city’s current and proposed industries are high emission and 
polluting industries.  a coal mining, coal chemistry, coal power stations, metallurgy and steel, 
building material, and the expanding of coal based central heating system. Although low-carbon 
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and sustainable are set up as an important urban development objective, it is difficult for 
developing those industries without increase the city’s emission significantly. This will certainly 
affect the sustainability of the city and also damage the air quality and whole environment of 
Hegang City. The city authority should take the emission issue seriously in the economic 
transformation and urban development process. 

240. Climate change is also likely to impose risks to other components of Hegang City’s urban 
development and environmental plans, such as roads, water supply and drainage, and other 
urban infrastructure, which will be further assessed in late chapters in combination with projects 
that are apply for ADB funding. 

6.3 Climate risk and vulnerability of the Master Plan of Qitaihe City 

241. Qitaihe is the smallest city compared with the other three coal cities. It covers only a total 
area of 6,200 km2 and has a population of 831,100 in 2015 with which approximately 60% are 
living in the city. Qitaihe is bordering with Jiamusi and Hegang in the north, Shuangyashan in the 
east and Harbin in the west. Jixi and Mudanjiang are in the south side of Qitaihe. There are three 
urban districts and one rural county under the administration of the Qitaihe City government. 

6.3.1 Urban development plan of the Master Plan of Qitaihe City 

242. There are two major objectives Master Plan of Qitaihe City (2012 – 2030). One is planning 
for the coal mining resource exhausting and economic transformation. The other is planning for 
issues relating to the city expansion and spatial structure. Those issues are: 

(i) Urban industrial development and urban spatial distribution 
(ii) Resettlement of residents in the subsidence areas and the future land utilization of 

subsidence areas 
(iii) Urban expansion direction and land use selections 
(iv) Urban landscape and feature design  

The planning period is from 2012 to 2030. This is similar to Shuangyashan but different from 
Hegang.  

243. According to the Master Plan of Qitaihe City (2012 – 2030), the city will be built as a 
featured regional garden city with coal chemistry ad basic industry and advanced manufacturing 
as alternative industries by 2030. The proposed land use for Qitaihe City is shown in Figure 17. 
A total area of 191.8 km2 is the planned for the Qitaihe central city, among which urban building 
area if 78 km2. The master plan has also classified the central city into four categories of land 
uses that are similar to Shuangyashan City. 

244. Like the other three coal cities, the City Master Plan of Qitaihe City (2012 – 2030) also has 
also made plans for the important urban infrastructure including integrated regional and urban 
roads-transport, electricity, water supply and drainage, solid waste and waste water treatment, 
gas supply, and heating system.  

245. An important water supply project is that current source of the city’s water supply will be 
switched from the current reservoir to the main pipeline from Xinkai Lake (a joint project with Jixi). 
The Taoshan reservoir near the city-centre will be used mainly for irrigation and spare water 
source for the city’s water supply system.  
246. The 13th Economic and Social Development Plan of Qitaihe City (2016 – 2020) has set 
public transport, water supply and drainage, centralised heating system, water and waste water 
processing, promote clean energy, and parks and recreation facilities as the main urban 
development objectives. The proposed urban development projects are summarised in Source: 
Qitaihe City Master Plan (2010 -2030), 2013, Qitaihe City Government 
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247. Table 13. 

Figure 17: Land Use Plan of the Qitaihe City Master Plan (2010 -2030) 

 
Source: Qitaihe City Master Plan (2010 -2030), 2013, Qitaihe City Government 

 

Table 13 Urban development infrastructure projects proposed by  
Qitaihe City for the period of 2016 – 2020. 

Infrastructure Proposed projects 

Urban public transport 
Upgrading public transport facilities, including clean energy bus, 
and improvement bus/coach terminals and public car parks. 

Water supply and drainage 
Water supply network upgrading and extension, upgrading water 
treatment plants  

Heating system Heating system upgrading and extension projects 
Waste management and 
waste water treatment 

Upgrade and extension to rainwater and waste water drainage 
pipelines, and develop waste-fired electricity power stations  

Gas supply network 
Urban gas supply upgrading and extensions, integrated gas 
storage and distribution stations, and LNG filling stations 

Parks and recreation 
facilities 

Taoshan national wetland protection, urban re-forestation, lake 
side recreation road and bridges  

Integrated transport network 
West ring road, Xinhua district road network upgrading, and 
other regional road works and rail construction  

Source: Asian Development Bank 
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6.3.2 Environmental protection plans of the Master Plan of Qitaihe City 

248. The environmental protection plan is consisting of several components of the master plan, 
including ecological control zones protection, environmental pollutant control, and improving 
water end energy efficiency through various saving measures. 

249. Ecological control zones are those mountainous forest lands, ecological wetlands, and 
other ecological control zones such as river and lake side forests, roadside green belt and so on. 
Major protected areas include two national/provincial and three city level forestry parks, two city 
level wetlands, and three water resource protection areas. 

250.  Total pollutant volume control. Three indicators, chemical oxygen demand (COD), sulphur 
dioxide, and industrial dust, are used to measure the effectiveness of pollutant control in Qitaihe’s 
environmental protection plan. The target is to reduce those three pollutants by 50% in 2030 
through various measures such as technical innovation and effective waste/waste water treatment 
and waste recycling and so on. This is an important merit of environmental protection plan of 
Qitaihe City. 

251. Raising water and energy use efficiency through technical innovation and renewable 
energy development. 

6.3.3 Potential climate risks and vulnerability assessment for urban development and 

environmental plans of Qitaihe City 

252. The urban development plan of Qitaihe is also closely related to the economic 
development plans. Different from the other coal cities, Qitaihe does not define the city as an 
energy basis. Coal mining and coal-fired power generation are not in the master plan. The only 
coal related industry is coal chemistry.  

253. The environmental protection components of the Qitaihe master plan is also very practical, 
especially specified detailed pollutant target. This demonstrates the determination in reducing 
pollutions by the plan. However, it has stopped short with CO2 reduction target. This issue was 
probably affected by the government policies when the plan was developed.  

254. Another merit of the Qitaihe master plan is that the projected total water use in 2030 is 
reduced than the current total volume. This is another big difference from Hegang and 
Shuangyashan, which are all projected significant water use increases and followed by many 
water resource development projects.  

255. Climate risks to the urban development and environmental protection plans are mainly 
lying in the current and future infrastructure. The increased winter precipitation will make transport 
more difficult due to more ice and snow covers. Increased summer precipitation may also cause 
more damages such as potholes and flooding of the road drainage systems. In general, the road 
system is vulnerable to increased soil and surface moisture.  

256. The urban drainage system is also likely vulnerable to the future climate condition. The 
combination of the old and newly built drainage networks may not fully compatible and/or not 
sufficiently designed for the future precipitation intensity. Therefore, the city is likely to expose to 
more chances of urban flooding risks in the future. The increased frequency and intensity of 
extreme climate events will certainly exacerbate climate risks to urban infrastructure and 
production facilities in the future.   

257. Although much less emission intensive industries are planned, the total climate gas 
emission is still likely to increase in Qitaihe due to the ambitious productivity goals and economic 
development activities. Therefore, the state emission policy is still likely to cost economy of 
Qitaihe.  
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6.4 Climate risk and vulnerability of the Master Plan of Jixi City 

258. Jixi is located in the southmost among the four coal cities. It covers a total area of 22,500 
km2 and administrating six districts, two cities, and two counties. It is also bordering with Russia 
in the seat and southeast along the Wusulijiang River and Xingkai Lake. Qitaihe is in the north of 
Jixi, and in its south and west is Mudanjiang City.  

259. The Master Plan of Jixi City is planned for a short term only.   

6.4.1 The urban development plan of Jixi City 

260. The Master Plan of Jixi City (2010 – 2020) is another short term plan like Hegang. It is 
expiring at the same year with the 13th Five-Year Economic and Social Development Plan of Jixi 
City (2016 – 2020). 

261. Jixi is also dispersed city with city centre surrounded by satellite towns formed by coal 
mining. Among them, Lishu and Mashan districts have a fair bit distance from the city centre. In 
addition, several industrial parks are also developed or under developing surrounding the city. 
Those include, Western Industrial Park, Fanhua Industrial Park, Eastern Industrial Park, and 
Hengshan Graphite Industrial Park. The proposed land use of the Jixi central city is shown in 
Figure 18. 

Figure 18: Land Use Plan of the Central Jixi City – Jixi Master Plan (2010 -2020) 

 
Source: Jixi Master Plan (2010 -2020), 2013, Jixi City Government 
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262. The land use of Jixi City is classified as three categories. The prioritised development 
areas are mainly the six districts of the central city plus other two towns in Jidong County. Limited 
development areas are all national level agricultural lands, and areas with important ecological 
functions. The non-development areas are all provincial/national natural protected areas, forestry 
parks, geological parks, and basic agricultural lands. 

263. A major urban development objective of Jixi City is to integrating the central city with three 
closer suburbs, Chenghezi, Didao, and Hengshan districts, on industrial distribution, inter-suburb 
transport, urban infrastructure, services, environmental protection, and resource developments. 
This is to build a ‘Half-Hour Economic Circle’ of the central city. Coordinated development is also 
planned between the central city and two other more remote satellite towns.  

264. Urban infrastructure development is still the major task of Jixi, especially urban roads that 
are connecting different parts of the city is the primary and essential task for the city integration. 
There are also large infrastructure gaps in water supply, drainage, waste treatment, electricity 
supply, gas supply, communication, and heating system. Fairly robust plans are all developed by 
the Master Plan of Jixi City (2010 – 2020). Those infrastructure plans are covering not only new 
development areas such industrial parks and residential areas, but also upgrading for the existing 
infrastructure that are not meeting the urban development needs in the old town centres 

Table 14: Urban development infrastructure projects proposed by  
Jixi City for the period of 2016 – 2020 

Infrastructure Proposed projects 

Integrated transport network 

1) National and provincial roads construction within Jixi 
2) Mudanjiang – Jiamusi rail construction within Jixi 
3) Xingkai Lake Airport extension, and Hulin airport 
4) Urban roads, bridges, and Jixi freight hub terminal 

265. Urban infrastructure 

1) Water treatment and supply network upgrading and 
extension; 

2) Heating network upgrading and extension 
3) Gas supply – LNG and liquid LNG, and gas supply pipeline 

network extension / upgrading 
4) Drainage network – rainwater drainage network development   

Water resource development 

1) Small and medium reservoir projects and catchment 
protection 

2) River works and flood forecast systems 
3) Irrigation projects for water saving  

Smart city 
1) Cloud data storage and management 
2) E-Commerce  
3) Smart card system 

Source: Asian Development Bank 

 

266. Based on the city master plan, the 13th Economic and Social Development Plan of Jixi 
City has outlined four urban development objectives for the period of 2016 – 2020. The 
integrated transport network development covers projects of regional rail, regional roads, 
airports, and urban road works in the central city. Urban infrastructure includes water supply and 
drainage, heating system, and gas supply. Water resource infrastructure includes several 
reservoir projects, river works and flood control projects, and irrigation projects. The fourth 
objective is the smart city includes projects for developing cloud data, e-commerce, and smart 
card within the Jixi city. Those projects are summarised in Table 14.Source: Jixi Master Plan (2010 -

2020), 2013, Jixi City Government 

267.  
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268. The land use of Jixi City is classified as three categories. The prioritised development 
areas are mainly the six districts of the central city plus other two towns in Jidong County. Limited 
development areas are all national level agricultural lands, and areas with important ecological 
functions. The non-development areas are all provincial/national natural protected areas, forestry 
parks, geological parks, and basic agricultural lands. 

269. A major urban development objective of Jixi City is to integrating the central city with three 
closer suburbs, Chenghezi, Didao, and Hengshan districts, on industrial distribution, inter-suburb 
transport, urban infrastructure, services, environmental protection, and resource developments. 
This is to build a ‘Half-Hour Economic Circle’ of the central city. Coordinated development is also 
planned between the central city and two other more remote satellite towns.  

270. Urban infrastructure development is still the major task of Jixi, especially urban roads that 
are connecting different parts of the city is the primary and essential task for the city integration. 
There are also large infrastructure gaps in water supply, drainage, waste treatment, electricity 
supply, gas supply, communication, and heating system. Fairly robust plans are all developed by 
the Master Plan of Jixi City (2010 – 2020). Those infrastructure plans are covering not only new 
development areas such industrial parks and residential areas, but also upgrading for the existing 
infrastructure that are not meeting the urban development needs in the old town centres 

271. Table 14 

6.4.2 The Environmental protection plan of Jixi City 

272. The environmental protection plan of Jixi City is consisting of three aspects, environmental 
protection, low-carbon development, and ecological system protection. The environmental 
protection activities are planned for protecting:  

(i) Water quality. Activities proposed are Xingkai Lake water quality/environmental protection, 
solid waste and waste water treatment, water recycling, rural water pollutant controls and 
so on. The objectives for 2020 are 100% of urban water supply quality meeting meet the 
state stand, 95% of urban waste water being processed, 25% of recycled urban water use, 
and 98% of solid waste being processed. 

(ii) Air quality. Activities proposed are reducing air pollutants, such as SO2, NO2, CO etc, 
through technical innovation and industrial upgrading. Other measures such as using 
clean energy bus, unleaded petrol, will also be implemented. The goal is above 90% of 

days in 2020 with good air quality defined by the state.  
(iii) The plan included also noise and soil protection measures. 

273. Low carbon development is also proposed in the plan. Major activities proposed are 
(i) Promoting low carbon industries, transport and effective energy management etc. The 

objective is to control the total coal consumption below 1.33 million tons and CO2 emission 
meeting the provincial requirement by 2020. 

(ii) Promoting recycling economy, including utilising mining and industrial wastes such as coal 
gangue, coal refuses, and water pumped from coal mining etc. 

(iii) Promoting low carbon living in the community, such uses of clean energy vehicles, energy 
and water saving appliances etc. 

274. Ecological system protection is to promote proposed natural protection zones, including 
forestry, grasslands, wetlands and other components of the overall ecological system. Activities 
are also including the developments of relevant policies to protect/improved the mining 
resource/environment management, water resource management, and land use 
planning/management.  
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6.4.3 Potential climate risks and vulnerability assessment for urban development and 

environmental plans of Jixi City 

275. Jixi is one of the four coal cities, which still has fairly large coal reserves and another city 
with graphite reserve in addition to Hegang. Therefore, the Master Plan of Jixi City (2010 – 2020) 
is another plan servicing to the dual-wheel drive economy, i.e. coal mining and other non-coal 
industries.  In general the Master Plan of Jixi City (2012 – 2020) is very similar to the Master Plan 
of Hegang City. This is probably because the two cities have similar resources and hence similar 
economic development plans.  

276. One good feature of the Jixi master plan is setting a fixed total coal consumption volume 
by 2020, together with a target to meet the provincial CO2 emission requirement. Together with 
proposed measures to reduce other climate change emission gases, such as SO2, NO2, and CO, 
the master Plan of Jixi City (2012 – 2020) has demonstrated intentions in climate change 
mitigation in the process of urban development and economic transformation. However, this does 
not mean the plans provided sufficient mitigation measures for the climate change gas emissions 
already.  There are still potential risks/costs relating to the emission depending on the future state 
and provincial mitigation policies. 

277. Similar to other cities, potential climate risks to the urban development plan are also lying 
in the major city infrastructure, such as road, water supply, drainage and overall ecological system. 
for example, the drainage capacity of the old/existing city areas may not meet the increased 
intensity of precipitation. Increased winter precipitation may lead to increased cost/effort for 
removing snow/ice from urban road. The roads and other infrastructure may require more frequent 
maintenance with increased maintenance costs due to increased moisture in the soils and on the 
road surfaces. 

278. It also presents some environmental/ecological worries for the proposed 6 reservoirs, 
which may cause disturbance to the ecosystems and water courses, and eventually result 
environmental damages. Projected climate changes are likely exacerbating to such 
environmental impact. 

279. Another issue is that the urban water supply are recently being switched from local 
reservoirs to the Xingkai Lake through a major pipeline project, which will supply water not only 
to urban centres of Jixi but also Qitaihe. There are potential climate risks for this project and 
environmental risks as well. Those risks will be assess and addressed in the late chapters of this 
report in detail as water treatment plants of Qitaihe and Jixi are all applying ADB funding for 
upgrading their treatment equipment. 

6.5 Possible sources of resilience to climate risks for the four coal cities  

280. In summary, there are likely three categories of climate risks to the urban development 
and environmental protection plans of the four coal cities. Firstly, urban infrastructure and regional 
water resources are likely to be affected directly by the future climate. Changing water availability, 
especially frequent and extended droughts, may also cause other damages to the overall 
ecosystem of the region. Secondly, the emission and environmental pollution resulting from urban 
development may also be costly to the region if higher mitigation standards are applied by the 
state/provincial governments. There are two possible sources to build resilience for those climate 
related risks in the east Heilongjiang sub-region. 

6.5.1 Source of resilience for urban infrastructure 

281. Urban infrastructure of the four coal cities is likely vulnerable to climate risks such as 
higher average and intensity of precipitation and increased frequency and intensity of extreme 
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climate events. Resilience of urban infrastructure may be built by structural approach and non-
structural approach in those cities. The structural measures may be used to partially proof climate 
risks for infrastructure by  

(i) Raising the design standard for new infrastructure; and 
(ii) Upgrading existing infrastructure.  

It could be costly economically, environmentally, and socially if potential climate risks are not 
considered in projects for building new infrastructure and/or upgrading existing infrastructure 
during the urban development of the four cities.  

282.  However, structural measures are unlikely to prevent climate risks for infrastructure 
entirely. Non-structural measures are also important for community and government agencies to 
adapt to climate risks to minimise the cost of climate risks. These measure may include, but not 
limited to 

(i) Establish early warning system for potential extreme climate events; 
(ii) Raising awareness of potential climate risks for the region; 
(iii) Develop response procedures to different climate risks within government agencies and 

community; 
(iv) Develop robust operational/maintenance procedures for public infrastructure and facilities; 

and  
(v) Building institutional and community resilience through effective capacity building 

programs.   

6.5.2 Source of resilience for regional water resource 

283. Regional water resources are likely vulnerable to climate risks in east Heilongjiang sub-
region although there are fairly abundant water resources in most parts of the region. Such risks 
are lying in the inappropriate water development and increased inter-annual variability. Currently 
there are significant over extractions of groundwater in some areas already, mainly caused by 
irrigation.  

284. There are a large number of water resources development projects proposed by the 
master plans and the 13th Five-Year plans. It is worry some for planning those water resource 
development project and water uses without a robust regional water resource plan. Those 
planned water development projects are mostly to meet the demand of urban and economic 
development. However, such demand is likely to increase significantly as a result of implementing 
ambitious urban and economic development plans. Increased urban and industrial needs will 
likely squeeze rivers, lakes, and groundwater resources of the region.  

285. Although climate projections indicate that there is likely increased precipitation over the 
region, increased inter-seasonal and annual variability in precipitation is likely to cause seasonal 
and extended water deficiency in the region and cause low productivities and/or obsolete irrigation 
infrastructure/facilities.  Water deficiency will also cause degradations in the overall ecosystem 
spoil the overall environmental plans of those cities. 

286. The master plans, together with relevant 13th Five-Year plans, have proposed water-
saving for urban development. However, those are mostly planned for waste water treatment and 
reuse. The capacity of those projects are relatively small compared with the total water 
consumption, which may be effective for improving water quality but too small to build resilience 
for regional water resources. Non-structural measures, such as improved water resource 
management are also important to build resilience to climate change impact on regional water 
resources. Possible measure may include, but not limited to 

(i) Raising awareness for potential climate risks to regional water resource and encourage 
all water saving activities from community to industries; 
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(ii) Develop integrated regional/river basin water resource management plan that clearly 
outline available water for difference uses, such as urban and rural household, industries, 
urban environmental needs, irrigation and agriculture, and more importantly, the 
ecosystem needs for rivers, lakes, and landscape. Priority should give to the ecosystem 
functions first to avoid the urban and industrial development taking more and more waters 
from the ecosystem;   

(iii) Building institutional capacity to enforce/ implement water resource management plans 
and policies; and   

(iv) Promote water saving industries (including irrigation) in the economic transformation 
process. 

6.5.3 Build resilience for urban and economic environment by mitigation 

287. Many mitigation measures have been planned and/or implementing in the master plans 
and 13th Five-Year plans, such as replacing coal with gas supply, renewable energy development, 
energy saving, and emission pollutant control. However, these measures are not likely adequate 
to reduce rising emissions from the proposed development of coal chemistry, coal-fired power 
stations, steel and metallurgy, and building material. The current economic transformations 
envisioned for the coal cities may themselves be subject to the need for further transformation 
due both to increasing recognition of environmental issues and through changes in the regulatory 
environment. 

288. Therefore, it would be ideally taken more mitigation into the economic transformation 
process to make the cities more resilient. Coal related industries are likely to exist for the 
foreseeable future in those coal cities. However, taking mitigation seriously in the economic 
transformation process will certainly make those cities and economies more resilient.   

289. It is encouraging that this has been reflected in various forms by the master plans or the 
13th Five-Year plans. For example, Jixi City has set up the maximum annual coal consumption 
limit. Qitaihe City has also set maximum total pollutant emission/discharge limits. All cities should 
seriously promote/take actions on mitigation to build cleaner economy to make cities and 
economies more resilient using the current economic transformation opportunity. 
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7. Climate risks and vulnerability of proposed project infrastructure 

290. Major climate risks to the proposed project components are related to increased frequency 
and intensity of severe storms and resultant flood volume/levels. Rising temperature and 
heatwaves is likely to be less risky than precipitation in this region although significant 
temperature increases are projected by GCMs. This is because the cold nature of this region 
whilst infrastructure is designed mostly based on nationwide standards. As discussed in Chapter 
4, storms are projected to increase approximately 9% and resultant floods projected to increase 
by 10%. 

291. The proposed project components are summarised in Chapter 1 (Error! Reference 

source not found.). As discussed in Chapter 2, those project components are considered as four 

categories according to their sensitivities to climate change, including river works, water supply 
and drainage, other infrastructure such as roads, bridges, heating system and various pipelines, 
and project components that are considered as mitigation measures, such as mining site 
rehabilitation and clean energy for public transport and household.     

292. In the project components proposed by project cities, many similar infrastructure are to be 
built in all project cities. For example, there are many sections of roads proposed by all four cities. 
Similarly, various pipelines, wastewater treatment, water supply, river rehabilitation are also 
proposed by project cities. Climate change impacts are different for different infrastructure. 
Therefore, climate risk and vulnerability assessment will not follow the project component order 

as shown in Error! Reference source not found.. Instead, assessment will be carried out by 

project categories in this chapter, including road, river rehabilitation, stormwater drainage 
pipelines, wastewater treatment and wastewater pipelines, water supply, mining site rehabilitation, 
and so on.   

7.1 Climate risks to road and sustainable transport systems     

293. Road and sustainable transportation systems are key project components to facilitate 
development and economic transformation of the 4 project cities in east Heilongjiang sub-region. 
There are 8 sub-components proposed road construction across all four project cities. 

294. Climate change will impact on the road system by its influence on the floods, heatwaves, 
and snow covers on the road surface.  

295. The drain design for roads, LDIs calculate the stormwater volume using the following 
equation  

Q=ΨFq 

Where Q is the stormwater volume (l/s), Ψis runoff coefficient, F is the stormwater collection area, 
and q is the localised storm intensity for east Heilongjiang sub-region that calculated by  

q=3139.6×（1+0.98×lgp）/（t+10）0.94 

Where p is the recurrence period and t is the storm lasting time. 

296. There are two potential ways for floods to affect road and transport systems. One is floods 
from roadside catchments, and the other is the stormwater on the road surface.  Both may cause 
damages to the road system if the road is not designed with sufficient drainage capacity for its 
ditches, culverts, and bridges. The proposed 6.25 km road in the Hegang High-Tech Industrial 
Park is urban road with an underground drainage system. There is no bridge proposed for those 
road sections.  
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297.  Based on the rainfall-runoff model results for catchments of east Heilongjiang sub-region, 

the peak runoff in the catchments are likely to increase approximately 10 % under both low and 
high climate change scenarios. Therefore, it is recommended that increase 10% of 
drainage capacity in the design of all road components.  

298. In addition to structural measures in the design, it is also very important to 
develop/implement roadside conservation measures to reduce flood and erosion. Trees, grasses, 
and other plants should be planted on the roadside slope. The land use of road side areas should 
also consider allowing an appropriate proportion of green field areas. This is consistent with the 
Sponge City policy of the PRC government. 

299. The precipitation for the snow season is projected to increase 13.7% and 16.3% in 2050 
under the low and high climate change scenarios, respectively. This is a significant increase in 
snow falls and potentially snow cover. The road design should take into account of the potential 
increases of snow cover. An improved snow removing system should also be developed by the 
city government. 

7.2 Climate risks and vulnerability of integrated lake and river rehabilitation sub-

components    

300. There are two river rehabilitation sub-components proposed by Hegang City and Jixi City 
respectively. In Hegang city, a total of 16.58 km rivers, including three river sections and one 
creek, are to be rehabilitated.  In Jixi, two river sections and one lake will be rehabilitated. The 
total river section length is 8.45 km and the lake rehabilitation area is 23.51 ha. All those rivers 
have been prone to floods historically.  

301.  Hydrological and hydraulic models are applied to simulate the rainfall-runoff and levels 
for those rivers using baseline data and climate change scenarios. Details of the modelling 
process and results are reported by the Hydrologist in his report. The simulated runoff depths are 
increasing for 7.3% and 7.4% in Hegang and 7.2% and 8.0% in Jixi under the RCP4.5 and RCP8.5 
climate change scenarios, respectively. 

Table 15: Baseline and 2050 annual precipitation and runoff depth at river catchments of 
Hegang and Jixi simulated by SWMM model 
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Low  
RCP4.5 
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RCP8.5 

Low  
RCP4.5 
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RCP8.5 

Low  
RCP4.5 
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RCP8.5 

Hegang 595.5 639.0 639.9 7.3% 7.5% 286.0 306.8 307.2 7.3% 7.4% 

Jixi 505.0 542.7 546.8 7.5% 8.3% 220.7 236.6 238.3 7.2% 8.0% 

Source: Asian Development Bank 

 

7.2.1 Flood level analysis for river Rehabilitation sub-components of Hegan City 

302. Geographically, four river sections of Hegang City are close to each other. There is no 
much difference in the climate regime that affecting their flow volumes. Therefore, Xiao Heli River 
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is used as Representative River for reporting the flood volumes and levels under both current and 
2050 climate conditions. 

303. A 1-D Hydrodynamic Model with fully dynamic modelling features was used for simulating 
flood level profiles along the selected river to be rehabilitated in the project. The model solves the 
vertically integrated equations of conservation of volume and momentum (the ‘Saint Venant’ 
equations), which are derived on the basis of the conservation of mass and conservation of 
momentum. 

Figure 19: One of the typical cross-sections of Xiao Heli River in Hegang City 

 
Source: Asian Development Bank 

 

304. The rehabilitation of Xiao Heli River is designed for flood protection up to 50 years 
recurrence interval. The maximum daily precipitation is projected to increase by approximately 9% 
and possible flood volume to increase around 10%. A hydraulic model is used to simulate the 
flood levels of the river section for both baseline period and 2050 (RCP4.5). As there is no 
difference between RCP4.5 and RCP8.5 in terms of maximum daily rainfalls and resultant flood 
volumes, Flood level analysis is not specifically conducted for RCP8.5. Figure 19 shows one of 
the typical cross-section of the Xiao Heli River in Hegang City. 

305. The hydraulic modelling results suggest that the peak flood levels of Xiao Heli River will 
rise 0.25m under the RCP4.5 climate change scenario compared with baseline conditions. 
However, rises are varied with different river sections. 0.2m. 

 

306. Table 16 shows the maximum daily flood levels at each chainage of Xiao Heli River under 
baseline and rcp4.5 climate change scenario. This suggests that the height of proposed river 
levees need to be raised for up to 0.25m. However, after discussion with PPTA specialists and 
LDI, the final recommendation is to adjust the height of river levees by increasing 0.1m in design 
and the height of bridges to be raised for 0.2m. The main reason for this recommendation is that 
the initial design has considered extra flood protection capacity already. Therefore, it is agreed 
that it is sufficient to raise river levees for 0.1m and bridges for 0.2m. 
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Table 16: Max flood levels at each chainage of Xiao Heli River under  
baseline condition and RCP4.5 climate change scenario 

Chainage 
(m) 

Baseline 
Flood Level 

(m) 

Climate Change 
Flood Level 

(m) 

Increase in  Flood 
Level due to 

Climate Change 
(m) 

0 131.255 131.399 0.14 
500 130.501 130.643 0.14 
1000 129.666 129.803 0.14 
1500 128.672 128.807 0.13 
2000 127.675 127.81 0.14 
3000 125.675 125.811 0.14 
4000 123.671 123.803 0.13 
5200 121.568 121.695 0.13 
5500 121.132 121.277 0.16 
6580 119.822 119.957 0.13 
6705 119.6 119.73 0.13 

Average:   0.13  
Source: Asian Development Bank. Chainage is the distance of river from the top to bottom as simulated by the 
hydrological models. 

 

7.2.2 Flood level analysis for river Rehabilitation sub-components of Jixi City 

307. Same model/method is also applied to analyse the flood levels for proposed river works 
in Jixi City. Huangni River is the main river to be rehabilitated. Anli creek is the tributary of Huangni 
River and fairly small. Figure 20 shows one of the typical cross sections of Huangni River. 

Figure 20: One of the typical cross-sections of Huangni River In Jixi City 

 

Source: Asian Development Bank 

 

308. The hydraulic modelling results suggest that the peak flood levels of Huangni River will 
rise 0.1m under the RCP4.5 climate change scenario compared with baseline conditions. 
However, rises are varied with different river sections. 0.2m. 
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309. Table 16shows the maximum daily flood levels at each chainage of Huangni River under 
baseline and rcp4.5 climate change scenario. This suggests that the height of proposed river 
levees need to be raised for 0.1m. However, after discussion with PPTA Specialists and LDIs, it 
is recommended that bridge heights to raise 0.2m in addition to 0.1m increases in river levees 
design. This recommendation is same to the river works of Hegang City.  

Table 17: Max flood levels at each chainage of Xiao Heli River under  
baseline condition and RCP4.5 climate change scenario 

Chainage 
Baseline 

Max Water Level 
(m) 

Climate Change 
Max Water Level 

(m) 
Increase (m) 

0 287.494 287.662 0.168 
1000 278.103 278.207 0.104 
2000 270.306 270.387 0.081 
3000 263.658 263.746 0.088 
4000 258.828 258.909 0.081 
5000 253.799 253.926 0.127 
6000 246.905 246.990 0.085 
7000 243.111 243.224 0.113 
8000 238.942 239.035 0.093 
9000 234.659 234.756 0.097 
10000 230.331 230.401 0.070 
11000 227.252 227.346 0.094 
12000 225.242 225.336 0.094 
13000 223.581 223.713 0.132 
14800 222.335 222.439 0.104 

Average:   0.10 
Source: Asian Development Bank. Chainage is the distance of river from the top to bottom as simulated by the 
hydrological models. 

 

7.2.3 Other factors affecting river flood levels  

310. The structural measure may be important in preventing flood cause damages and 
economic losses. However, improving the ecological condition of the river catchment is more 
effective in relief flood pressure, maintaining health river flows, and improving water quality of the 
river.   

311. Therefore, it is recommended that relevant cities to develop a conservation plan to 
improve the ecological conditions of the upstream catchment. This may be combined with other 
plans such as drinking water resource protection areas and/or other land and water conservancy 
programs implemented by relevant PRC government agencies, together with the capacity building 
programs of this project. 

7.3 Stormwater drainage pipelines  

312. There are four project sub-components proposed to build drainage pipelines. Those 
including sub-components of Hegang high-tech industrial park, Jixi mining waste rock remediation, 
Jixi urban regeneration and urban infrastructure, and Shuangyashan urban regeneration and 
urban infrastructure. Those drainage lines are designed to separate stormwater from sewerage 
in either old or new urban areas.   

313. Climate change will affect those components through altering the volume of stormwater. 

The national standard is that those pipelines should be designed for 2-3 years recurrence period 
for cities of east Heilongjiang sub-region. The CRVA team argued with PPTA Specialists 
and LDIs that two years recurrence period is not sufficient to prevent urban floods. 
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However, both LDIs and PPTA believe the design should follow the requirement of 
national standards. 

314. As shown in Table 4, the maximum daily runoff of east Heilongjiang subregion is projected 
to increase 8%. Therefore, it is recommended to raise the designed drainage volume for 10%. 
This has been accepted and included in the design. 

315. One of the reason of LDIs for reluctant to move from the 2 years recurrence period to 5 or 
10 years is that such design may not be approved by relevant PRC government authorities 
because the PRC government is promoting Sponge City that requires more green fields in the 
residential areas to retain more moisture and reduce runoff rather than increasing the drainage 
capacity. However, the drainage pipeline sub-components do not include designing green fields 
for the stormwater collection residential areas, which is normally carried out by developers or 
other building projects.  

316. Therefore, it is recommended that the city authorities strictly implement the Sponge City 
requirement in approving residential and other building projects in the area. This will be 
recommended as a non-structural adaptation measure to this project. 

7.4 Water Supply and wastewater treatment  

317. Water supply and wastewater treatment is one of the most important sub-components of 
this project, there are three large water treatment plants proposed by cities of Qitaihe and Jixi, 
and also two wastewater treatment plants proposed by cities of Hegang and Jixi, together with 
substantial water supply and sewer pipeline works. 

7.4.1 Water supply  

318. Climate change will mainly affect water supply through rising temperature and changed 
precipitation regime. Rising temperature will cause increases in water consumption and demands 
for water supply. Changes in precipitation regime will alter the water resources used by the water 
treatment plants. 

319. The FSR designed water supply capacity is at an average of 150-160 litres/day/person, 
which is similar to the designed capacity for Nanjing and other southern cities. This is considered 
adequate for meeting demands of rising temperature in the east Heilongjiang sub-region. 

320. There is an issue in the water resources for those water treatment plants. The proposed 
water treatment plants are all using the water transmitted by the pipeline from Xingkai Lake and 
Jixi which has built with a design annual capacity of 144 million m3, which provide water sources 
for cities of Mishan, Jidong, Jixi, and Qitaihe. The pipeline has been built already and the water 
extraction was also approved by relevant water resources management authorities. The PPTA 
environmental assessment team and CRVA team have reviewed and analysed relevant 
document in order to make sure that the extraction will not affect the environment and ecological 
systems of the lake. 

321. According to the hydrological assessment of Jixi Water Supply Office, the area of Xingkai 
Lake is 4010 km2, of which 1080 km2 is in PRC side and remaining area is in Russia. There are 
23 rivers flow into the lake among which 8 rivers are in PRC and the other 15 rivers are in Russia. 
The maximum water volume of the lake is 23.1 billion m3. In addition to the main lake, there is 
also a small lake in the PRC side with a total area of 180 km2 and water volume of 360 million m3. 
The lake has one outflow point to the Songa’Cha River in the northeast corner of the lake. The 
annual ecological flow requirement is 910 million m3. 
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322. It is assessed that the annual average inflow is 7.81 billion m3 to Xingkai Lake. This volume 
is confirmed by the CRVA team assessment that is based the GRDC global runoff database that 
is an average runoff calculated based on data from 1961-1990. It is estimated that 1.06 billion m3 
of water is diverted from the lake for irrigation purposes in both PRC and Russia sides. Impact of 
the water extraction for water supply by Jixi will be minimal to the lake and river system. However, 
we do recommend that any further water extraction from the lake have to be comprehensively 
assessed and consulted with all stakeholders. 

323. As for climate change, the annual precipitation over the Xingkai Lake catchment area is 
projected to increase of about 7.5% and 8 under RCP4.5 and RCP8.5 climate change scenarios 
respectively. This is likely to result in approximately 10% of increase inflow to the lake although 
rising temperature will also cause higher evaporation from the lake.  

324. Therefore, it is concluded that climate change will not result in insufficient water sources 
for water supplies in both cities of Jixi and Qitaihe.  

7.4.2 Wastewater collection and treatment 

325. There are some substantial sub-components building wastewater collection and/or 
treatment plants across all four project cities. Wastewater treatment plants are to be built in the 
Luobei County high-tech graphite industrial park and Jiguan District industrial park. Others are 
mainly sewer pipelines in various urban areas of project cities.  

326. Climate change impacts on wastewater collection and/or treatment are mainly at two 
aspects. One is the extreme rainfall events may cause floods to collection pipelines and treatment 
plants that will result wastewater spill over facilities and pollutions if stormwater and wastewater 
are not collected by separate pipelines. The other is high temperature and heatwaves may affect 
the biological processes if wastewater treatment plant is adopting biological methods. 

327. In this project, proposed wastewater pipelines are aimed to separate the sewerage and 
stormwater. Proposed wastewater treatment plants are for the industrial wastewater treatment in 
the new industrial parks and not using biological method. Therefore, climate change impact to 
those pipelines and treatment plants are fairly small.  

328. Therefore, it is recommended that wastewater treatment plants design to consider 
possible flood risks in site selection and the height of treatment pools to avoid the flood risks. 
Risks for increased volume of stormwater are also need to be considered where sewerage 
collection pipes are not fully separated from stormwater drainage pipelines.  After inspecting the 
WWTP sites and proposed FSR designs, the CRVA team confirmed that sufficient measures have 
been taken in the FSR already.  

7.4.3 Other climate factors affecting water supply and wastewater treatment 

329. It is noted that sufficient capacity is designed for the water supply facilities for either current 
or future climate conditions. This is good for proofing/adapting climate change caused increases 
in water consumption.  

330. However, it is recommended that project cities to develop water saving plans for both 
households and industrial enterprises. As discussed in Chapters 5 and 6, the economic 
transformation and development may cause competing water uses in the region. A robust water 
use and saving plan will reduce water consumption in both households and industrial enterprises 
to relief stresses of water deficiency in the region.  

331. Furthermore, efficient water use will reduce project cities’ burden on water supply and 
wastewater treatment. This will make project cities more sustainable by reducing water and 
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energy consumption, and green house gas emission. Those non-structural measures will be 
further discussed more detail in capacity building sections. 

7.5 Heating system upgrading and expansion 

332. There are some heating pipeline upgrading and/or expansion sub-components being 
proposed in the project. Climate change will reduce the heating demands in long term due to 
rising temperature in the winter seasons. However, heating supply system is still essential 
infrastructure in east Heilongjiang sub-region.  

333. Whilst no structural measures recommended for the heating supply pipelines, it is 
identified that all buildings in the sub-region are over heated. Indoor temperature is normally 
above 25°C and often up to 27-28°C, which often makes over 40°C temperature differences 
between inside and outside of buildings. this is certainly beyond the comfortable needs of human 
beings and the team has often heard complaints that room temperature is too high and too dry in 
project cities.  

334. The current heating supply pricing system in most northern China cities are based on the 
housing areas rather than actual energy consumption. Urban residents normally pay a fixed 
heating cost based on their housing areas to the heating supply company and the latter has a 
responsibility to keep residents warm during the winter. As heating requirements are varied from 
different ages or individual preferences, the heating supply companies have to provide sufficient 
heat to satisfy all groups of residents to avoid complaints. This pricing mechanism leads to many 
buildings over-heated. 

335. This phenomenon is very common for many northern China cities. The CRVA team 
believe this is one of the major reasons for the heavy pollution in many northern China cities 
during the winter season. Therefore, a better heating supply pricing system is highly 
recommendable for reduce emission and air pollution for northern China cities. Because heating 
supply sub-components are fairly small in this project, the CRVA team would like to recommend 
for a further study on the management of heating system in northern China. This can be significant 
in reducing GHG emission and air pollution for northern China cities. 

7.6 Building and community facilities 

336. There are two sub-components for developing buildings and community facilities. One is 
the service centre in the Hegang City industrial park and the other is the cultural plaza of Jixi City. 
It is recommended that those facilities to be built as examples of green building with high energy 
efficiency to promote low emission and sponge city concept promoted by the PRC central 
government. These facilities should be designed with sufficient green fields and insulation. Other 
measures such as using grey water and solar energy should also be considered where feasible.   

7.7 Summary 

337. In summary, climate change risks to sub-components of this project are lying mainly on 
precipitation related extreme climate events, such as severe storms and severe snow falls 
resulted damages to infrastructure and interruptions to services. Roads, rivers, drainage networks, 
water supplies may all be subject to such risks. Structural proofing/adaptation measures are 
required in the final design of these sub-components. 

338. In addition to structural proofing/adaptation measures, non-structural measures are more 
important for project cities to reduce and adapt to such climate risks. Those may include, but not 
limited to, robust water saving/management plans, improved measures/procedures for cleaning 
snows to reduce heavy snow falls and covers on the whole transport system within the region, 
water conservation measures to reduce flood risks for rivers and other urban areas as well as 
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improving the quantity and quality of water resources for water supply and whole ecosystems, 
and improved energy efficiency for buildings to reduce GHG emission and air pollution. 

339. This project has included a number of adaptation/mitigation sub-components that are not 
discussed in this chapter. Those are sub-components of the mining site remediation and green 
public transportation system such as improving bus system in Hegang and replacing diesel buses 
with electrical buses in Qitaihe. Other measures such as expanding natural gas supply to replace 
coals for households and industrial uses. Those are significant mitigation measures developed in 
this project by ADB and PPTA team. However, it is also recommended that project to design 
capacity building programs for further promote green development in those coal cities. 

340. More detailed structural proofing/adaptation measures for each sub-components will be 
summarised in Chapter 8. Non-structural measures and recommended capacity building 
programs will also be reported in Chapter 8. 
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8. Possible climate proofing and adaptation measures 

342. Possible climate proofing and adaptation measures include both structural and non-
structural measures. The structural measures are to be integrated into the final engineering 
designs of proposed project components. For example, revise the peak flood and/or depth of the 
design flood in river rehabilitation to reflect expectations of larger future floods due to climate 
change. This is in itself is not a structural measure, but rather a set of risks that can be addressed 
via structural (and non-structural) measures. The non-structural measures are improving 
government policies and planning to reduce climate risks. For example, developing city-wide 
water saving plan to raise water use efficiency in both industrial and residential water uses so that 
water deficiency is avoided during prolonged drought periods caused by climate change. A 
catchment water conservation program will also improve the water quality and quantity for water 
supply systems. 

8.1 Engineering and structural measures 

343.  According to the climate change impact on components assessed in Chapter 7, structural 
measures are necessary to proof/reduce the climate risk and alleviate the negative impacts and 
consequences. As discussed earlier, climate risks are mostly related to increased floods and 
volume of storm water for many infrastructure proposed in this project, which are caused by 
increased precipitation and extreme climate events. Those components include river rehabilitation, 
roads, storm water drainage networks, wastewater collection and treatment, and so on. 

344. Other project components, such as water supply and wastewater treatment, will also 
affected by increasing temperature that may cause increased water demands from both 
household and industries and hence increased volumes of wastewater. Such risks are 
recommended to be addressed in the design of water treatment plants, water supply pipelines, 
sewerage pipelines, and wastewater treatment plants.  

345. In addition to adaptation, mitigation measures are also to be appropriately considered for 
some projects, such as heating supply pipelines and heat exchange stations. Appropriate 
measures for insulation are recommended to be included in the design in order to raise energy 
efficiency and reduce emission, which is consistent with PRC national and Heilongjiang provincial 
policy. Those also include a few buildings such as the service centre of Hegang industrial park 
and the cultural plaza of Jixi City. 

346. It is excellent for this project that there are quite a few substantial adaptation and mitigation 
project components. Mining sites remediation components are designed for each project city. 
Those projects are aimed at removing the toxic mining waste stones, filling the subsidence areas, 
and restoring vegetation and planting more trees. Those are both adaptation and mitigation 
activities with dual benefit. A couple of public transport improvement projects are also significant 
mitigation project. Replacing current diesel buses with electrical buses will significantly reduce 
emission. Expanding and improving public transport facilities and non-motor/walking paths are 
encouraging resident to use public transport and/or bicycles for travelling to and from work, and/or 
their other local travel activities. 

347. In overall, this project has made significant climate adaptation and mitigation investment. 
Detailed proofing/adaptation and mitigation measures and relevant cost are summarised in Table 
18. The total climate finance investment for this project is $327.47 million. Climate mitigation is 
estimated to cost $178.68 million and climate adaptation is estimated to cost $154.09 million. ADB 
will finance 34.50% of mitigation costs and 53.28% of adaptation costs. Details are in the PAM.   
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Table 18: Climate proofing, adaptation and mitigation measures for project components and  
related climate finance investment 

Sub-component Brief Description Structural Proofing/Adaptation Measures 
Adaptation 
cost  (¥m) 

Mitigation 
cost (¥m) 

HG 3.1 Hegang industrial park 
(green food, green energy, and 
high-tech)—infrastructure and 
multifunctional SME support 
facilities 

Roads - 6.3 km 

Adjust 10% increases for design road surface 
drain and culverts 
Road side trees and green belt. Design with 
LED lights and walk path and non-motor 
transport  

17.41 28.02 

Service centre (floor space 
8000 m2) 

Build green areas in the yard and surrounding 
areas and effective measures for water/energy 
efficiency and reduce emission.  

Water supply pipeline 6.3 
km 

Design with consideration of increased water 
demand caused by rising temperature. 

Drainage pipeline 6.3 km 
Adjust 10% increase for design drainage pipes 
to for increased stormwater caused by climate 
change. 

Sewer pipeline – 6.3 km 
Design the pipeline with 5% of increased 
wastewater caused by increased water 
consumption due to climate change.  

Heating pipeline - 9.9 km 
Design the pipeline with sufficient insulation to 
raise energy efficiency and reduce emission.  

HG 3.2 Hegang Luobei County 
industrial park (high-tech graphite-
based materials and e-mobility)—
WWTP and treated wastewater 
reuse pipe 

WWTP with capacity of 
6,000 tonnes/day Design with consideration for increased water 

use and wastewater volumes caused by 
climate change. 

69.55 23.18 
Water reuse pipelines from 
WWTP - 11.5 km  

JX 3.1 Hengshan District industrial 
park (high-tech graphite-based 
materials and e-mobility)—road 
infrastructure and SME support 
facilities 

Stage I Ring Road - 3 km 
and new road 1.3 km to be 
built 

Adjust 10% increases for design road surface 
drain and culverts 
Road side trees and green belt. Design with 
LED lights and walk path and non-motor 
transport  20.64 5.23 

Sewerage collection 
network improvement 

Design with energy efficiency measures to 
reduce emission 

Water and heating pipeline 
– 1.37 km 

Design with energy efficiency measures to 
reduce emission 

JX 3.2 Jiguan District industrial park 
(non-coal SMEs)—WWTP and 
sewer pipes 

New WWTP (20,000 
m3/day) Design with consideration of increased 

wastewater volume due to climate change 
resultant increasing water consumption 

123.97 0.29 Associated collection 
pipelines (8.84 km, DN400-
600) 

QH 3.1 Qitaihe industrial park 
(green food and pharmaceutical bio-

Roads – 2.1 km 
Adjust 10% increases for design road surface 
drain and culverts 

13.70 29.60 



 
 

66 
 

fermentation)—road infrastructure 
and SME support facilities 

Road side trees and green belt. Design with 
LED lights and walk path and non-motor 
transport to reduce emission 

Water supply pipelines  
Design with consideration for increased water 
demands caused by climate change. 

drainage pipes (39 km)  
Adjust 10% increase for design drainage pipes 
and pumping capacity 

SME Facilities – 12,000 m2 A 2-star green building pilot will be built 

SY 3.1 Shuangyashan business 
park (non-coal SME and PRC-
Russia business and trading park)—
road 

Roads - around 5.7 km. 

Adjust 10% increases for design road surface 
drain and culverts 
Road side trees and green belt. Design with 
LED lights and walk path and non-motor 
transport to reduce emission 

40.86 25.18 
water supply pipeline – 4.4 
km 

Design with consideration of increased water 
demands caused by climate change  

sewer pipeline – 7.0 km 
Design with consideration of increased 
wastewater volume due to climate change 
resultant increasing water consumption 

HG 4.1 Remediation of open pit 
mine and wasterock dumpsite 

The area will be filled with 
waste rock together with 
clay and graded, and trees 
are to be planted, roads 
built and site reused as 
industrial park and green 
park 

This is a dual benefit project for both 
adaptation and mitigation 

24.32 24.32 

JX 4.1 Hengshan District waste rock 
dumpsite remediation 

site grading of 20.6 ha, 
reforestation of 23.8 ha 
Drainage interceptor ditch 
of 2,023m, drainage ditch 
of 1,041m, retaining wall of 
287m and fence of 571m, 
and landscaping works. 

This is a dual benefit project for both 
adaptation and mitigation 

17.29 17.29 

QH 4.1 Mining remediation and 
environmental rehabilitation 

Remediate waste rock 
dumpsite sites and a 
mining subsidence area  
trees will be planted in both 
sites after remediation 

This is a dual benefit project for both 
adaptation and mitigation 

12.27 12.27 

SY 4.1 Wasterock dumpsite 
remediation: Xiaoxishan mine 

Remediate the construction 
land for farming and plant 
more trees on the forestry 

This is a dual benefit project for both 
adaptation and mitigation 

62.47 62.47 

HG 5.1 Integrated river rehabilitation 
and cleanup from mining and 
ecosystems-based adaption (Shitou 
River, Qianjin Creek, Heli River, and 
Xiaoheli River) 

Shitou River rehabilitation – 
50 years flood recurrence 
period  

Adjust additional 0.1m in design flood height for 
the river dyke and 0.2m for bridges and/or 10% 
flood water volume. Develop river side green 
belt as conservation measures to protect the 

110.32 85.97 
Heli River – 50 years flood 
recurrence period 
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Xiaoheli River – 50 years 
flood recurrence period 

river system, which is a dual benefit measure 
for climate change.  

Qianjin Creek – 20 years 
recurrence period 

HG 5.2 District Heating System 
Energy Efficiency Improvements 

Retrofit of 7.2 km primary 
pipe network and 65.2 km 
secondary pipe network. 

Design with insulation appropriate to local 
weather to raise energy efficiency so that 
reduce emission  

 260.41 

HG 5.3 Road rehabilitation, public 
transport, and non-motorized 
transport improvements 

Bus lanes along two North-
South arterials of about 20 
km in the city, and other 14 
roads about 13 km in total 
length. 

This is a main mitigation project that is 
improving public and non-motor transport. It is 
also a major adaptation project to improve road 
drainage and adding trees and green belt 
where is feasible to protect the roads  

 
65.61 309.33 

Other improvement of 
infrastructures, like roads 
resurfacing, bus bays, new 
drain pipes and 
intersections, and other 
relevant facilities and bus 
maintenance 
14.3 km drainage pipes 
associated with the 
rehabilitation of 29 roads 
will be installed. 

Adjust 10% increase in the drainage pipelines 
design 

JX 5.1 Hengshan District integrated 
rivers and lake rehabilitation and 
ecosystems-based adaptation 
(Hongqi Lake, Anle Creek, and 
Huangni River) 
 

Anle Creek (0.8 km) 
 Adjust additional 0.1m in design flood height for 

the river dyke and 0.2m for bridges and/or 10% 
flood water volume. Develop river side green 
belt as conservation measures to protect the 
river system, which is a dual benefit measure 
for climate change. 

38.93 31.61 
Huangni River 
Rehabilitation (7.9 km) 
 
Hongqi Lake rehabilitation 
(23.5 ha) 

JX 5.2 Hengshan District urban 
regeneration, community facilities, 
and public space improvement 

The total land area is 5.02 
ha, including a library, a 
Gym, 2 public flush toilets, 
and a monitoring and 
training center (GFA 8000 
m2). 

To be updated 7.59 11.38 

JX 5.3  Hengshan District roads 
improvement 

Riverbank road (1.5 km) Adjust 10% increase for design road surface 
drain and culverts and develop road side 
conservation measures – trees and green belt 
that is considered as dual benefit to climate 
change. Mitigation measures also need to be 
designed including walk and non-motorised 
transport paths and adopt LED lighting system 

21.53 12.40 

Jiaotong Street: 0.4 km 

Gongpu road flyover: 
around 0.3 km 
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JX 5.4 Jixi urban 
infrastructure—water 
supply pipes, 
wastewater 
collection, and 
drainage 

Water supply pipes of 72.5 km will be 
refurbishment to reduce leakage. 

Drainage network design adjusted 10% increase to 
adapt increased storm water volumes caused by 
climate change.  
Water supply and sewer pipeline design take into 
account of increased water consumption caused by 
climate change 

209.52 8.56 

23.3 km sewer pipes will be built to 
separate sewage and rain water. 
Drainage pipes of 12.5 km, drainage 
trench of 20.0 km, and 5 sedimentation 
tanks  
1 sewer pump station and 3 drainage 
pump stations. 

JX 5.5 Jixi City No. 3 
water treatment 
plant upgrading and 
expansion 

Upgrade the existing water intake (84,000 
m3/day) 

Design with consideration for increased water 
demands due to increased temperature caused by 
climate change 

9.46 0.26 
Upgrade the water treatment facility 
(50,000 m3/day). 
New advanced treatment units (80,000 
m3/day) and sludge treatment facilities. 

QH 5.1 Qitaihe 
WTPs upgrading 
and water supply 
distribution system 
replacement and 
expansion 

Two water treatment plants will be 
updated (100,000 and 50,000 tons per 
day) 

Design with consideration for increased water 
demands due to increased temperature caused by 
climate change 

49.32 18.50 
Non-revenue water reduction pilot and 
roll-out 

Water saving is adaptation 

Water supply distribution system upgrade 
17.8 km old main pipes replacement, 73.2 
km new main pipes installation, 15 
booster pumps 

Design with consideration for increased water 
demands due to increased temperature caused by 
climate change 

QH 5.2 Sustainable 
and clean fuel public 
transport 
improvements 

Replace old diesel buses with 209 new 
electric buses and construction of 3 bus 
terminals with charging stations, and 
improvement of operation and control 
center 

electrical buses and associated support systems will 
significantly Reduce emission 

 258.70 

SY 5.1 Urban 
infrastructure—water 
supply, wastewater 
collection, and 
drainage 

24.7 km of water supply main; 2 new 
pumping stations, 3 water tanks, 1 
reservoir Design with consideration for increased water 

demands due to increased temperature caused by 
climate change 

93.71 - 

Associated facilities include drainage pipe 
in WTP, new laboratory, flow meters at 
key intersections and scada system. 

Sewer network: 25.5 km in Lingdong 
District and  59.6 km in Jianshan District 

Sewer and drainage network designed with 
consideration for increased wastewater caused by 
climate change 

Drainage pipe 52.3 km in Jianshan 
District. 

Adjust 10% increase in the drainage pipelines design 

SY 5.2 Key road 
connections 
constructed 

South Ring Road on an existing narrower 
road with a length of about 3.8 km 

Adjust 10% increase for design road surface drain 
and culverts and develop road side conservation 
measures – trees and green belt that is considered 
as dual benefit to climate change. Mitigation 
measures also need to be designed including walk 

23.85 30.72 Yunfeng link including a tunnel and 
approach roads with a total length of 
about 1.4 km will be constructed 
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Xinxing Avenue link with ramp and 
approach roads and bus lanes - about 1.5 
km. 

and non-motorised transport paths and adopt LED 
lighting system 

Source:  Asian Development Bank 
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8.2 Project Greenhouse Gas emissions 

348. Project greenhouse gas (GHG) emissions are generated from infrastructure construction 
and operation. Emission from infrastructure construction is from the use of energy, including 
gasoline, diesel and electricity, by construction machinery and vehicles and by consumption of 
construction materials. During operation stage, GHG is from use of energy including energy use 
for infrastructure operation, such as electricity uses for roads and bridges lighting and signals, 
operation for water and wastewater treatment, management offices, and by operational 
equipment and vehicles.  There is also other energy uses such as heating for the service centre 
in Hegang and cultural plaza of Jixi. 

Table 19: Estimates of GHG Emission and Carbon Sequestration by the Project 

Infrastructure Number of projects As tCO2e 

Construction Phase (5 Years)   
Wastewater treatment plants (Hegang, Jixi) 2 61209.00 
Roads and associated infrastructure 6 78142.16 
Mining sites remediation 4 57836.34 
Water treatment and associated pipelines 2 84520.00 
Integrated rivers and lakes rehabilitation 2 52631.28 
Heating system improvement 1 10427.20 
Various pipelines 2 94107.94 
Building and related facilities 2 15924.00 
Public transport 2 28432.71 
Total Emissions 

 
483230.63 

Annual average during the construction phase 
 

96646.13 
 Operation Phase  

Items Quantity Unit As tCO2e 
Electricity use - Wastewater treatment plants 1927352 kw-hr/y 1921.57 
Electricity use - Roads and associated infrastructure 4272973 kw-hr/y 4260.15 
Increased traffic 168088507 Pcu-km/y 22355.77 
Electricity use - Mining sites remediation 4829183 kw-hr/y 4814.70 
Electricity use - Water treatment and pipelines 924602 kw-hr/y 921.83 
Electricity use – Int. rivers and lakes rehabilitation 426340 kw-hr/y 425.06 
Electricity use - Building and related facilities 94527 kw-hr/y 94.24 
Electricity use - Public transport 159432 kw-hr/y 158.95 
WWTP emissions   15802.8 
Emission from other energy uses   6789.32 
Total Emissions   57544.39 
Tree Planting reduction 419.39 ha -2306.65 
Heating system improvement reduction 4809.7 Ton coal -11990.58 
Public transport emission reduction   -12285.20 
Total estimated emission in operation phase   30961.96 

Source:  Asian Development Bank 

 
349. The total GHG emission for this project is summarised in Table 19. The energy 
consumptions are adopted from FSRs as well as other source for the construction phase. For 
example, the road construction adopted the World Bank national road construction standard 
(World Bank, 2010). The pipeline construction adopted the emission standard of SunWater of 
Queensland (SunWater and SKM, 2010). 
 
350. The total annual emission estimated for the construction phase is 96646.13 tCO2e for all 
project components of the four project cities. For the operation phase, there is a significant GHG 
reduction from tree planting, heating system improvement, and public transport improvement 
projects. A total of 419.39 ha of trees are planted in this project, including roadside 
conservation, mining sites remediation and all other small areas. The total annual emission in 
the operation phase is estimated as 30961.96 tCO2e for all project components in four project 
cities. 
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8.3 Non- structural adaptation measures 

351. Whist structural adaptation measures are necessary for infrastructure built in this project 
resisting to future extreme climate events, non-structural adaptation measures are also necessary 
for project cities reducing climate risks in the future. For example, effective land and water 
conservation measures in the upstream catchments will reduce the flood risks of the river systems 
and improve the water quality. Similarly, an effective road maintenance procedure and road site 
conservation measures will also make the road more sustainable and reduce the flood damage 
risks. Therefore, we suggest that capacity building modules to be included in the project 
implementation stage in order to develop effective non-structural adaptation measures. 

8.3.1 Catchment conservation and water resources protection plans 

352. Substantial investment has been made by this project in river rehabilitation and water 
supply. In order to make those investments more effective, we suggest that catchment 
management plans for relevant river catchments. Those may include the catchments of Heli River, 
Xiao Heli River in Hegang, Huangni River in Jixi, PRC side Xingkai Lake in Jixi, and the Taoshan 
reservoir upstream catchment in Qitaihe. 

353. The catchment conservation plans are for the whole upstream catchment. It is 
recommended that an integrated catchment management specialist and a climate change 
specialist to be engaged in the implementation stage to guide and help relevant cities in 
developing the catchment and water resource protection plans. 

8.3.2 Integrated water resource management and water saving plans 

354. In addition to the catchment and water resource protection plans, it is also recommended 
that all project cities to develop an effective water resource management plan and water saving 
plans. This will not only ensure water resources in each city are sustainably used but also reduce 
the pressure for water supply and wastewater treatment.  

355. The integrated water resource management will ensure that water demands from all 
sectors are addressed with a balanced approach. The water saving plan will address wasteful 
water uses in some sectors. 

356. An integrated water resource planning specialist should be engaged in the implementation 
stage to help project cities for developing those plans.   

8.4 Consultation and negotiation process  

357. The CRVA team visited project cities from late November to early December to collect 
necessary data/information and inspecting project sites.  During the trip, the team has 
consulted/discussed with PMOs regarding climate risks to various project components as possible 
adaptation measures.  

358. In February, the team identified adaptation measures for all project components. Most 
proposed measures were accepted by the local engineers after discussion, but the proposed 0.2m 
increment for river levees has been revised down to 0.1m after discussing with PPTA team and 
LDIs. They believe that 0.1m will be sufficient after dredging and widening of the river channels. 
The LDI has verified the flood levels and confirmed that 0.1m freeboard will be sufficient to ensure 
that (among others) if the design flood is estimated with error, the system can still provide the 
required level of flood protection (e.g., 50-year event).. Therefore, the CRVA team accepted this 
suggestion and revised the initial recommendation made by the Hydrologist. All other 
recommendations are agreed by all parties.   
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9. Conclusions and discussions 

359. This study has assessed climate risks to a wide range of infrastructure in east Heilongjiang 
sub-region, including river rehabilitation, water supply and wastewater treatment, storm water 
drainage, public transport, roads and so on.  The assessment is based on CMIP5 climate change 
projections for 2050 in comparison with baseline period of 1961-1990.  

360. The future climate for east Heilongjiang sub-region is projected with increases in 
temperature and precipitation as well as increased intensity and frequency of extreme climate 
events such as severe storms, heavy snow falls, heat and/or cold waves. Those changes will 
cause serious challenges to water related infrastructure such as river works, roads, drainage 
pipelines, water supply and wastewater collection pipelines and treatment. The projected 
temperature increases may not impact that infrastructure in less extent than precipitation changes. 
However, the higher temperature will also result increased water consumption from all water users. 
This will increase water demands from water treatment plants and supply networks. Increased 
water consumption will also lead to increased volumes of wastewater, which require larger 
capacity of wastewater collection pipelines and wastewater treatment plants.  Climate risks and 
proofing/adaptation measures of all project sub-components are summarised in Table 18 already, 
which have been negotiated and will be integrated into the final project design. Non-structural 
measures are also discussed in Chapter 8 with focus on water conservation/protection, and better 
planning and saving. 

9.1 Major findings and recommendations  

361. In summary, major finding of this study are concluded as follows: 

(i) Many activities proposed in the provincial and/or city level economic transformation plan are 
subject to climate risks from changed temperature and precipitation regimes. It is suggested 
that those risks be addressed on case by case basis by the provincial and/or city authorities 
during the implementation process.  

(ii) It is assessed that climate change will not significantly change the overall water resources in 
east Heilongjiang sub-region. However, greater inter-annual and seasonal variability and 
rising temperature may cause more frequent and severe drought in the region. It may cause 
water shortage in the sub-region in the future because a number of water consuming projects 
are under planning by provincial and city authorities. It is a particularly concern for the 1.5 
million mu irrigation development plan in Hegang City, which will consume significant volume 
of water whist groundwater is over pumped in some of areas already. 

(iii) The master plans of project cities are also assessed against project climate change although 
they are not approved yet. Climate risks to those master plans are similar to infrastructure 
proposed in this project. The process of integrating proofing/adaptation measures into project 
design provided a good opportunity for raising awareness of city agencies for climate change 
and adaptations. Further capacity building programs are also proposed for the implementation 
stage. 

(iv) River rehabilitation works of this project are found the current design need to be revised to 
raise levees for 0.1m, together with green belt along the river for land and water conservation 
purposes.  

(v) Modifications are also recommended for roads, stormwater drainage networks to revise 10% 
increases in drain capacity due to the increased rainfall intensity that will lead to greater 
volumes of stormwater. 
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(vi) Water supply projects are recommended to revise 5% of increases in design capacity to cope 
with increases water demands caused by higher temperature. Similar modification is also 
recommended to wastewater collection and treatment because increased water consumption 
will also lead to increased wastewater volumes. 

(vii) All project components are recommended to adopt the Sponge City concept to design with 
green fields and conservation measures to reduce the flood risk. Water and energy saving 
measures are also recommended to project components. For example, using LED lighting 
system for the roads and building.  

9.2 Limitations of this study  

362. One of the major limits to this study is the available climate and hydrological data. Data 
collection in China is very time consuming and difficult under many circumstances. For this study, 
the team has successfully obtained daily climate observation data for several stations in the sub-
region, which allows the Hydrologists to perform the necessary hydrological modelling including 
flood volumes and flood levels as well as the severe storms. However, there is not river gauging 
data available for the Hydrologist to validate the rainfall-runoff modelling results.  There is also no 
hourly rainfall data available, which is very important for modelling the flood peaks of the rivers.  

363. Some other data, such as the river profiles, is also unavailable for river sections that are 
not proposed for this project. Those data are also important in modelling the flood peaks and 
inundation areas as the river sections for rehabilitation is only part of the whole river system. This 
also affects the accuracy of hydrological modelling results. 

9.3 Recommendation for further studies  

364. There is a small heating supply sub-component in the project. However, it is found that 
rooms and meeting rooms are normally over heated with temperature reaching more than 25°C 
in general and even higher in many occasions. The current heating supply of those cities is priced 
by the housing areas at a fixed rate. An heat consumption based pricing system will significantly 
reduce the energy consumption in heating supply, hence the GHG and air pollutant emission.  

365. Whilst the small investment of this project in heating may not warranting a study on this 
issue. It is estimated that this phenomena is common in northern China cities. Therefore, it is 
recommended that ADB to fund a study on the heating system, especially the pricing systems in 
northern China, which may find significant mitigation for GHG and air pollutant emission. 
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