
Henan Dengzhou Integrated River Restoration and                                                
Ecological Protection Project (RRP PRC 52023)  

ECONOMIC ANALYSIS 
 
A. Introduction 
 

1. The economic analysis was conducted to assess the economic viability of the project in 
accordance with the Guidelines for the Economic Analysis of Projects and the good practices guides 
of the Asian Development Bank (ADB).1 Separate analyses were conducted for the three revenue-
generating components and three of the non-revenue-generating components for which economic 
benefits could be identified. Results were aggregated to the output level to assess the economic 
viability of individual outputs, and then to the overall project level where the project costs included all 
aspects of capacity building. 
 

B. Sector Context 
 

2. The People’s Republic of China (PRC) faces severe challenges in managing its national 
water resources. Many areas suffer from critical water shortages during droughts, high economic 
losses and loss of life during floods, and chronic water pollution and widespread degradation of 
aquatic ecosystems. 
 
3. Climate change is expected to exacerbate flooding and other climate-related disasters. 
Since 1980, annual precipitation has increased, but the number of rainfall days has fallen in the 
PRC. Extreme rainstorm events, drought, hail, and flood disasters have become more frequent. 
Improving watershed management for flood protection and environmental health requires an 
integrated approach combining structural and non-structural measures. 
 
4. Responding to the increasing challenges, the PRC has made significant efforts to improve 
flood management, mainly after the 1998 Yangtze River flood, by investing in flood control works 
and multipurpose integrated river basin management, including nonstructural measures such as 
improved flood management planning, warning, and response. The government has also invested 
in water quality improvement measures since 1990, targeting both point and nonpoint pollution 
sources. However, efforts to control water pollution have failed to stop the decline in water quality. 
The inadequacy of wastewater collection and treatment is a significant contributing factor to this 
decline. Unsafe drinking water and poor sanitation contribute to health problems for many. In 
urban and peri-urban areas, poor sanitation leads to poor living conditions. 
 
C. Economic Rationale 
 
5. Dengzhou City is situated within the Tuan River watershed, which is part of the Han River 
Basin. Danjiangkou Reservoir, in the Han River Basin, is one of the three water sources for the 
South–North Water Diversion Project of the PRC.2 The water diversion project carries water from 
Danjiangkou Reservoir through a 1,400-kilometer stretch of canal to more than 30 cities in the 
water-deprived and drought-prone northern region of the PRC, including Beijing, Tianjin, and the 
provinces of Hebei and Henan. Environmental conditions in the Tuan River Basin have an impact 
on the overall management of the Han River Basin. 
 
6. Rapid urbanization, combined with pollution from point and nonpoint sources, has led to 
deteriorated environmental conditions along the Tuan River. Economic and urbanization activities 
have altered the watershed’s hydrology and resulted in habitat loss, deforestation, over extraction 

 
1 ADB. 2017. Guidelines for the Economic Analysis of Projects. Manila; and ADB. 2013. Cost–Benefit Analysis for 

Development: A Practical Guide. Manila. 
2  South–North Water Diversion Project. http://www.china.org.cn/waterdiversion/index.htm. 

http://www.adb.org/Documents/RRPs/?id=52023-001-3
http://www.adb.org/Documents/RRPs/?id=52023-001-3
http://www.china.org.cn/waterdiversion/index.htm
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of water, nonpoint source pollution, overburdened solid waste disposal sites and a degraded 
water environment. Consequently, vegetation, wetlands, and water quality have declined along 
the Tuan River. The 20-square-kilometer pilot area of Tuanbei is predominantly rural and had 
20,000 inhabitants in 2018. An additional 180,000 people are expected to move to the area by 
2040, attracted by increased job prospects and ongoing housing developments. 
 

7. Asian Development Bank’s value addition. The project will particularly focus on (i) 
integrated urban–rural water development; (ii) improving public services provision in rural areas; 
(iii) prioritizing the management of solid waste and wastewater in rural areas to improve the rural 
environment and build eco-friendly and livable rural villages; and (iv) developing the capacity of 
the Dengzhou City Government. The project will (i) improve water management in urban and rural 
areas by supporting three new wastewater treatment plants with a total daily capacity of 33,500 
cubic meters (m3); (ii) improve water supply by supporting two new rural water treatment plants 
and related pipelines with a total daily output of 60,000 m3; and (iii) pilot a solid waste management 
project in one township. The project will adopt an integrated water resources management 
approach by combining these investments with investments in flood management, wetlands 
improvement, and river management. 
 

D. Least-Cost Analysis 
 

8. Least-cost analysis was conducted for two components of output 1: (i) collector sewer 
options for the wastewater subprojects and (ii) bank slope reinforcement for the natural drainage 
management subproject. The major assumptions used for the least-cost analysis were the same 
as for the overall economic analysis. The least-cost option for each subproject was selected for 
the project design. 
 

E. Cost–Benefit Analysis 
 

9. The major assumptions used for the cost–benefit analysis are as follows: (i) the lifetime of 
subprojects is 25 years, including construction period of 6 years; (ii) all prices and costs are 
expressed in quarter 1 2019 prices; (iii) economic benefits and costs are valued in domestic price 
numeraire and expressed in yuan; (iv) the investment cost includes physical contingencies of 5.0%; 
(v) taxes, duties, and price contingencies are excluded from the economic cost; (vi) economic 
opportunity cost of capital is assumed at 9.0% per year; and (vii) a shadow exchange rate factor of 
1.0 is used to convert financial prices of traded goods to economic prices, while 1.0 is used as the 
shadow wage factor for scarce labor and 0.9 is used as the shadow wage factor for surplus labor. 
 

10. The projected economic benefit and cost flows were estimated for the with- and without-
project situations and projected over 20 years. The incremental economic benefit and cost flows 
provided the basis for calculating the economic net present value and economic internal rate of 
return (EIRR), as shown in the table on Economic Internal Rate of Return for the Project. 
 

11. Economic benefits. The project is estimated to yield the following quantifiable economic 
benefits: improved wastewater management in urban and rural areas, improved water supply in 
rural areas, improved solid waste management in rural towns, improved natural drainage, reduced 
flood damages from Han River improvement, and strengthened research and training capacity for 
integrated water resources management. 
 

12. Economic benefit of improved wastewater management. The economic benefits from 
improved wastewater management were derived by estimating the willingness-to-pay (WTP) of 
urban and rural beneficiaries. The WTP was derived from a contingent valuation survey of 
households living in the Tuanbei pilot area and expected to be rehoused in that area after the 
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completion of the project. This indicated that 53.0% of the population used septic tanks, 22.0% 
an open pit, 19.0% the river or other water source, and only 6.0% a public sewerage system. 
Thus, it was concluded that all households that will be relocated will represent incremental use of 
the wastewater treatment facility.  

13. The survey results were also used for the two rural wastewater treatment plants. The 
economic benefit of wastewater collection and treatment was estimated at CNY1.4 per m3 for all 
subproject areas in constant 2019 values. The WTP estimates were adjusted for each year to 
reflect the expected growth in real incomes—by 5.6% per year to 2025, 5.0% per year to 2030, 
and 4.0% per year thereafter. The economic benefits of new wastewater connections were 
estimated based on an average WTP of CNY860.0 per connection. This was assumed to remain 
constant. Economic benefits were then estimated based on the projected wastewater production 
by year and the number of connections per year. In addition, an allowance for avoided work value 
losses of 2 days per person per year was made for the economic benefits from improved health, 
which, based on experience in the field, were not fully captured by the WTP estimates. Health 
benefits were estimated to amount to about 2 days per person per year. The daily value of one 
person’s work was estimated at CNY91.0 based on the survey data, which was assumed to grow 
in real terms with the development of the area. Financial cost was converted to economic costs 
based on the distribution of the population. 

14. Economic benefit of improved water supply in rural areas. The economic benefits 
from improved water supply were derived from the estimation of the WTP of rural populations in 
the 10 towns that will benefit from the water treatment plants. The economic benefit of improved 
water supply was estimated at CNY3.5 per m3 in constant 2019 values, and all water was treated 
as incremental because the water treatment plants and new pipelines will completely replace the 
current water sources, which from the contingent valuation survey are estimated to be about 
64.0% tapped water connected to a piped system and the remainder from alternative systems. 
Whether piped or from other sources, the water supply is limited and of poor quality. The WTP 
estimates were adjusted for each year to reflect the expected growth in real incomes—by 5.6% 
per year to 2025, 5.0% per year to 2030, and 4.0% per year thereafter. Economic values were 
then estimated based on the projected water consumption by year. 
 
15. Economic benefit of improved solid waste management in rural towns. The 
economic benefits from improved solid waste management were derived from the value of waste 
fruit and vegetables that will be collected from the market place and recycled in the with-project 
scenario rather than the without-project scenario of simply dumping the waste, plus an estimate 
of the beneficiaries’ WTP for the improved waste collection system as it is anticipated that the 
system can be used in parts of the township other than the market.3 The design institute estimated 
the financial value of the recycled waste at 1,825 tons per year with a value of CNY174.2 per ton 
assessed at CNY315,000.0 per year, which was considered to be its economic value. WTP was 
estimated at CNY28.6 per household per month in constant 2019 values. 
 
16. Economic benefit of improved natural drainage. The economic benefit from improved 
natural drainage was based on an estimate of WTP for the improved river environment and water 
quality. In the absence of any project survey results, a value of CNY10.0 per month in constant 
2015 value, as used in a similar ADB project, was applied.4 This was adjusted to constant 2019 
values using an increase of 2.0% per year for 4 years, resulting in a constant 2019 value of 

 
3 Intuitively, there should be a benefit of WTP for the environmental and health improvements from the collection of 

solid waste. A literature review was conducted to assess a reasonable value. 
4  ADB. 2015. Report and Recommendation of the President to the Board of Directors: Proposed Loan to the People’s 

Republic of China for the Jiangxi Pingxiang Integrated Rural–Urban Infrastructure Development Project. Manila.  
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CNY10.8. An income elasticity of WTP of 0.4 was then applied for the subsequent years. WTP 
for improved solid waste collection and management was derived from a literature review, which 
indicated CNY26.4 per household per year in 2015 values. This was updated to a constant 2016 
value of CNY28.6 and applied to the projected population of the Tuanbei pilot area. 
 

17. Economic benefits of Han River improvement. The economic benefits of ecological 
zone restoration were estimated as the total of the economic benefits of improved flood 
management combined with the economic benefits of urban greening and rehabilitated wetlands 
in the Tuanbei pilot area. Flood benefits were assessed using a flood model that simulated the 
without- and with-project extent of damage to houses and crops in the lower Tuan River using 
flood return periods of 1 in 20 years, 1 in 50 years, and 1 in 100 years. The annualized flood 
damage was estimated by assessing the area under the curve for each scenario.  
 

18. The economic benefits of urban regreening and rehabilitated wetlands were estimated as 
the WTP of the expected population of the Tuanbei pilot area. Since no WTP survey could be 
conducted for these beneficiaries, a benefit transfer approach was adopted based on the 
approach used in other projects and WTP estimates from peer-reviewed journals.5 The WTP for 
these services in 2016 prices in the Jiangxi Xinyu Kongmu River Watershed Flood Control and 
Environmental Improvement Project (footnote 4) was updated to constant 2019 values and 
adjusted to reflect the lower incomes in the project area, resulting in a WTP of CNY23.8 per 
person per month. The number of visits per month was assumed to be the same as the number 
of residents in the subproject area, reflecting the significant existence value of this area. No 
increase in WTP was assumed with the increase in household incomes over the subproject life. 
 

19. Economic benefit of strengthened research and training capacity. The economic benefits 
from the strengthened research and training capacity in integrated water resources management 
were assessed as additional to those that arise as a direct result of the project interventions in 
outputs 1 and 2. The incremental benefits (CNY26.0 million per year) were identified as a result of 
improved environmental awareness.6 These were all expressed as their economic value. 
 

20. Economic costs. The economic cost comprises investment cost, including civil works, 
machinery and equipment, land acquisition and resettlement, environmental protection, survey 
and design, consulting services, and training; and recurrent costs, including maintenance and 
repair, labor, chemicals, and utilities.7 The present value of the investment cost is CNY2,105.5 
million, and of the recurrent cost is CNY260.1 million. 
 

21. As shown in the table, the EIRR of the overall project is 13.2% and the economic net 
present value is CNY1,008.0 million. The EIRR exceeds the economic opportunity cost of capital, 
confirming that the project is economically viable. 
 
22. Sensitivity analysis was carried out to assess the economic viability of individual subprojects 
and the overall project to five adverse scenarios: (i) a 10.0% increase in investment costs, (ii) a 
10.0% decrease in benefits, (iii) a 10.0% increase in investment costs combined with a 10.0% 

 
5   ADB. 2015. Report and Recommendation of the President to the Board of Directors: Proposed Loan to the People’s 

Republic of China for the Jiangxi Xinyu Kongmu River Watershed Flood Control and Environmental Improvement 
Project. Manila. 

6 Based on the data used in the Jiangxi Pingxiang Integrated Rural–Urban Infrastructure Development Project (footnote 
4), the economic value of improved environmental awareness was estimated at about CNY13.3 per person per month. 

7   Capital costs and project operating costs were provided in the feasibility study report prepared on behalf of the project 
management office by the design institute, in consultation with the implementing agency and the consultants. Costing 
was completed using government costing standards as well as costing information from site investigations, design 
institute project files, and queries with suppliers. 



5 
 

decrease in benefits, (iv) a 10.0% increase in recurrent costs, and (v) a 1-year benefit lag. Switching 
values were calculated for the appropriate adverse scenarios. The results of the analysis indicate 
that the project economic viability is sufficiently robust to all the adverse scenarios. 

Economic Internal Rate of Return for the Project 
(CNY million) 
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2020 266.8 0.0 266.8  0.0 0.0 0.0 0.0  0.0  0.0 0.0 (266.8) 

2021 542.9 0.0 542.9  0.0 0.0 0.0 0.0  0.0  0.0 0.0 (542.9) 

2022 719.5 0.0 719.5  0.0 0.0 0.0 0.0  0.0  0.0 0.0 (719.5) 

2023 555.4 0.0 555.4  0.0 0.0 0.5 0.0  0.0  0.0 0.5 (554.9) 

2024 553.2 0.0 553.2  0.0 0.0 0.9 0.0  178.7  7.5 187.1 (366.1) 

2025 159.7 0.0 159.7  14.1 50.8 0.9 11.1  205.4  15.0 297.4 137.8 

2026  45.6 45.6  34.9 106.8 0.9 13.5  215.0  21.5 392.6 347.0 

2027  46.1 46.1  42.6 112.1 0.9 16.4  225.6  28.0 425.6 379.5 

2028  46.7 46.7  52.2 117.7 0.9 19.9  237.3  28.0 456.0 409.3 

2029  47.4 47.4  64.3 123.6 0.9 24.2  250.2  28.0 491.3 443.8 

2030  48.3 48.3  75.3 129.8 0.9 29.4  264.7  28.0 528.1 479.8 

2031  48.3 48.3  78.7 135.0 0.9 30.2  271.6  28.0 544.3 496.0 

2032  48.4 48.4  82.1 140.4 0.9 31.0  278.7  28.0 561.1 512.7 

2033  48.5 48.5  85.4 146.0 0.9 31.8  286.1  28.0 578.2 529.8 

2034  48.5 48.5  88.8 151.8 0.9 32.6  293.6  28.0 595.8 547.3 

2035  48.6 48.6  92.1 157.9 0.9 33.5  301.4  28.0 613.9 565.3 

2036  48.6 48.6  96.8 164.2 0.9 34.4  309.4  28.0 633.8 585.1 

2037  48.7 48.7  101.7 170.8 0.9 35.3  317.6  28.0 654.3 605.6 

2038  48.8 48.8  107.0 177.6 0.9 36.2  326.1  28.0 675.8 627.1 

2039  48.8 48.8  112.4 184.7 0.9 37.2  334.8  28.0 698.0 649.2 

2040  48.9 48.9  118.0 192.1 0.9 38.2  343.7  28.0 721.0 672.1 

2041  48.9 48.9  122.8 199.8 0.9 38.8  352.3  28.0 742.6 693.7 

2042  48.9 48.9  127.3 207.8 0.9 39.4  361.2  28.0 764.6 715.7 

2043  48.9 48.9  132.5 216.1 0.9 40.0  370.3  28.0 787.9 739.0 

2044  48.9 48.9  137.8 224.7 0.9 40.7  379.7  28.0 811.8 762.9 
2045  47.8 47.8  137.8 224.7 0.9 40.7  379.7  28.0 811.8 764.0 

ENPV   2,105.5  260.1  2,365.6   444.7  829.6  6.5  161.4    1,768.8    162.7  3,373.7    1,008.0  
EIRR                             13.2% 

       ( ) = negative, CF = cash flow, CNY = yuan, EIRR = economic internal rate of return, ENPV = economic net present value. 
       Source: Asian Development Bank estimates. 

 
F. Project Beneficiaries and Poverty Impact 
 
23. The economic benefits generated from the project will be allocated to stakeholders. The 
distribution of costs and benefits among stakeholders relies on estimates of incremental benefits 
and costs generated by the main project outputs. All financial and economic benefits and costs 
are expressed in present value terms (at a 9.0% discount rate). The total net benefit is estimated 
to be CNY384.2 million. Based on the proportion of poor beneficiaries, the total benefit accruing 
to the poor is estimated to be CNY7.0 million and the poverty impact ratio is calculated as 0.02. 


