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ECONOMIC ANALYSIS 
 

A. Introduction 
   
1. Economic analysis was conducted to assess the economic viability of the project in 
accordance with the Asian Development Bank’s Guidelines for the Economic Analysis of 
Projects and its Cost-Benefit Analysis for Development guide.1 The subprojects were analyzed 
individually and aggregated to determine the economic viability of the project. The analysis 
focused on the subprojects under outputs 1 and 2, whereas output 3 (on the piloting of green 
financing mechanisms) and 0utput 4 (on capacity building) did not require economic analysis. 
  
B. Macroeconomic and Sector Context 
 
2. Many areas in the People’s Republic of China (PRC) suffer from widespread 
degradation of ecosystems; economic flood losses; and chronic water pollution from sewage, 
agricultural runoff, and waste disposal challenges. Despite significant efforts in improving point 
source pollution, addressing agricultural diffuse pollution remains arduous, unimaginative, and 
expensive, with the farming community still enduring extensive poverty and lacking the funds, 
expertise, and entrepreneurial skills to shift to sustainable farming methods and value-added 
production, and benefit from improved livelihoods. Price premiums associated with greener and 
organic produce that is able to gain the appropriate organic certifications and labels has not 
been well researched, and its potential to alleviate poverty remains unexploited. 
 
3. Huangshan municipality is one of 16 municipalities in Anhui Province that border 
Zhejiang Province. In 2018, Huangshan residential population totaled 1.4 million, with over half 
living in urban areas.2 Huangshan used to be largely underdeveloped, with limited farming. 
Even with rapid economic development triggered by reforms in the 1970s, people still keep 
emigrating to seek opportunities elsewhere.3 According to the Huangshan Municipal Thirteenth 
Five-Year Plan, 2016–2020, the development target for per capita gross domestic product 
(GDP) per capita is $10,000.4,5 Despite considerable institutional reforms, three phases of a 
recent eco-compensation scheme addressing water pollution, and substantial tourism growth 
and revenues, economic development in Huangshan remains below the national average and 
total nitrogen, which severely affects water quality, keeps increasing. 
 
C. Economic Rationale 
 
4. The proposed project will provide strategic and comprehensive support to the 
Huangshan Municipal Government to improve the natural environment and strengthen the entire 
value chain of green and organic tea and other products, reaping socioeconomic and ecological 
benefits, mainly downstream of the Xin’an River, as well as supporting Huangshan’s growing 
tourism industry. The Xin’an River originates from Huangshan and flows into the Fuchu River in 
Hangzhou Municipality in Zhejiang Province. The Xin’an River catchment is the main drinking 
water source for more than 12 million urban and rural residents in Anhui and Zhejiang 

 
1  Asian Development Bank. 2017. Guidelines for the Economic Analysis of Projects. Manila; Asian Development 

Bank. 2013. Cost-Benefit Analysis for Development: A Practical Guide. Manila. 
2  Huangshan Municipal Government, Huangshan Municipal Statistics Bureau. 2018. Population Bulletin. Huangshan. 
3  Total GDP in 2018 amounted to CNY67.8 billion, equivalent to CNY48,579 ($7,341) per capita.  
4  Huangshan Municipal Govenrment. 2015. Thirteenth Five-Year Plan for Economic and Social Development of 

Huangshan Municipality, 2016–2020. Huangshan. 
5  Per capita GDP reached $6,294 in 2016 and $6,605 in 2017. 

http://www.adb.org/Documents/RRPs/?id=52026-001-3
http://www.adb.org/Documents/RRPs/?id=52026-001-3
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provinces. Many famous tourist destinations, such as the Yellow Mountain, Hongcun, and Xidi 
Ancient Village, are located within Huangshan and attract an abundance of tourists. 
 
5. Rapid economic development, urbanization, intensive agriculture production, and 
tourism growth in the area have exacerbated the environmental and ecological problems of the 
Xin’an River Basin. Tourism has been a key driving force for local economic development, but it 
has also been putting pressure on local infrastructure services through its use of natural 
resources and generation of large waste streams.6 With regard to farming, excessive use of 
chemical pesticides, fertilizers, and herbicides is severely affecting water quality. Improvements 
in point source pollution infrastructure is vital to optimize under-functioning treatment systems 
and inadequately designed wetlands. Pest management of the extensive pine forests in the 
area will prevent scenic, climate, and socioeconomic losses. 
 
D. Demand Analysis 
 

6. All subprojects were tailored to the demand according to districts’ and counties’ master 
plans to 2035, including forecasts for urban and rural population growth. The project aims to 
improve urban drainage systems. Urban households are connected to sewage collection 
systems, but not all wastewater is intercepted for wastewater treatment before being discharged 
to water bodies. Stormwater runoff, caused by older stormwater pipes, cause floods, damages 
infrastructure, and pollutes the environment. The alternative of not implementing the subprojects 
is not feasible as (i) urban untreated wastewater discharged continues to degrade the 
environment and urban wastewater treatment is a policy requirement in the PRC; (ii) stormwater 
flooding causes asset damage and traffic disturbances, especially under future, more extreme 
weather patterns resulting from climate change; and (iii) the use of old stormwater pipes will 
lead to a higher risk of pipe bursts, which can cause severe incidents and losses undermining 
urban infrastructure. 
 

7. The project will upgrade existing flood control along two rivers in Huangshan. Rainfall in 
Huangshan is high in intensity and short in duration, resulting in large stormwater runoff and 
flooding hazards. Huangshan experiences severe flooding incidents on an almost annual basis, 
with a large number of residents affected and with damage to infrastructure, agricultural land, 
and private property. Pine tree disease is a threat to the forests in Huangshan. The project will 
improve monitoring and management of pine forests, which are a key tourist attraction in 
Huangshan, and which sequester large amounts of carbon. 
 
8. The project will implement rural wastewater collection and treatment systems, upgrade 
households’ sanitation systems, improve water supply, and implement tourism infrastructure to 
support the growing tourism industry in Huangshan. The tourism industry accounts for 20% of 
Huangshan’s GDP and relies on a green image of the Huangshan environment. The project will 
improve living conditions in and around the project villages and reduce household wastewater 
discharged into protected resources of ecologically sensitive and scenic water bodies.  

 
E. Least-Cost Analysis 
 
9. Least-cost analysis of subprojects was undertaken using the least-cost methodology to 
select among alternative technical solutions for subprojects (Table 1). 

 
6  Tourism revenue, calculated as tourism value added, accounted for 21% of Huangshan’s GDP in 2017. Detailed 

Economic Analysis (accessible from the list of linked documents in Appendix 2 of the report and recommendation 
of the President) (Appendix B). 
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Table 1: Comparison of Alternative Technical Solutions for Subprojects 
Solution Advantages Disadvantages 

A. Urban sewer upgrade: installation process  

1. Open excavation (least-
cost option) 
Unit cost: CNY1,750/m 

More job creation; wider application; 
stable investment cost 

High disturbance to traffic and residents 
during construction; high interface with 
infrastructures; longer construction period. 

2. Pipe-jacking 
 
Unit Cost: CNY4,550/m 

Time-efficient; lower pollution risk; 
less interface with infrastructures; 
less traffic and fewer disturbances to 
residents 

Less job creation; higher safety risk; hard to 
apply in the complicated terrain; higher 
investment cost 

B. Rural wastewater treatment: treatment process  

1. Biological treatment 
and wetland (least-cost 
option) 
Unit cost: CNY1,950/m3 

Lower investment and operation cost;  
easy to maintain 

Unstable treatment efficiency; inspection on 
a regular basis needed 

2. Membrane treatment 
 
Unit cost: CNY4,200/m3 

High and stable treatment efficiency; 
small land occupation 

High investment and operation cost; high 
inspection and maintenance requirement; 
shorter lifetime 

3. Subsurface soil 
infiltration 
Unit cost: CNY2,750/m3 

Low investment cost; low cost of 
operation 

Large land occupation; hard to inspect 
quality of treated water; higher risk of 
potential of groundwater contamination 

C. Flood protection: revetment 

1. Concrete revetment 
Unit cost: CNY5,000/m 

Higher endurance and stability; easy 
to maintain integrity 

Higher construction cost; low permeability 

2. Gabion revetment 
(least-cost option) 
Unit cost: CNY3,500/m 

Less construction cost; good 
permeability allowing sufficient natural 
drainage runoff; partly nature based 

Costly and time-consuming maintenance; 
lower endurance; inspection on a regular 
basis needed to ensure its integrity 

m = meter, m3 = cubic meter. 
Source: Asian Development Bank. 

 
F. Cost–Benefit Analysis 
 
10. The major assumptions used for the cost–benefit analysis are as follows: (i) the lifetime 
of subprojects is 25 years, including a construction period of 3 years; (ii) project cost benefits 
were estimated in constant 2019 prices; (iii) cost benefits were converted to economic values 
using the domestic price numeraire and expressed in yuan; (iv) physical contingencies of 10% 
were included in the investment cost;  (v) taxes, duties, and price contingencies are excluded 
from the economic cost; and (vi) traded goods were adjusted to their economic values using a 
shadow exchange rate factor of 1.023, while a shadow wage rate factor of 0.8 was applied for 
unskilled labor and 1.0 for skilled labor. The subprojects are based on standard components 
and materials, so most inputs were considered non-traded and valued at local market prices. A 
social discount rate of 6% was introduced for the cost–benefit analysis of the environment 
subprojects covering pollution and disease control, while a social discount rate of 9% was 
introduced for the tourism subproject. Other subprojects used the social discount rate of 6%, as 
the largest share of the individual subprojects focused on environmental protection. 
 
11. Economic benefits. Almost all subprojects are non-revenue generating, and capital and 
operation expenditures will be funded by local governments, except for a small component of 
the water supply subproject. In the absence of consumer demand and pricing, the benefits were 
valued against impacts. These included impacts (i) on the wider economy for drainage and 
tourism components in subprojects, (ii) related to avoided losses for flood protection 
subprojects, and (iii) related to carbon sequestration through the limitation of pine tree disease. 

 
12. The non-revenue-generating wastewater subprojects will improve urban separation of 
wastewater and stormwater, increase the amount of wastewater intercepted for treatment and 
for rural areas, and improve wastewater collection and treatment. Without the project, untreated 
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wastewater would be discharged, degrading water quality downstream. Subprojects will benefit 
residents’ health and livelihood, and industry and tourism activities. A green GDP study for the 
PRC, linking GDP to water environment degradation, estimated that pollution discharged to 
water bodies accounts for 1.5% of GDP losses in the eastern provinces of the PRC, including 
Anhui province.7 Using chemical oxygen demand and ammoniacal nitrogen as proxies for water 
quality, the economic benefit of reducing both was estimated at CNY81,774 per ton for chemical 
oxygen demand and CNY703,594 per ton for ammoniacal nitrogen. Benefits were quantified 
based on (i) pollution reduction compared to levels of pollution in Anhui province, (ii) Anhui 
province’s GDP, (iii) allocation of the share of pollution reduction benefits to the subproject by 
comparing the length of installed piping to overall piping in the wastewater collection area, and 
(iv) allocation of treatment and pumping costs. 
 
13. Without the two river rehabilitation subprojects, regular and occasional flooding would 
cause damage to dykes, property, infrastructure, and land; and cause disturbances and losses 
to residents and businesses. Damages and losses could be avoided by implementing flood 
protection for 10- and 20-year flooding projections for both subprojects. The benefits of avoided 
costs were quantified by establishing flood damage curves from annual and historical losses 
updated to 2019 values (i.e., CNY452,848 per year for urban river rehabilitation in Yi county and 
CNY1,387,591 per year for the Caocun River rehabilitation project in Huangshan district). The 
flood damage curves, which relate the probability of flooding with damages (expected to 
increase over time) and are adjusted to the historical growth of local GDP in real terms, are 
presented in the detailed economic analysis.8 
 
14. With the project, tourism components will see an incremental number of tourists and 
total hours spent on sightseeing. To support the quantification of related benefits, the tourism 
value added for sightseeing in Huangshan was estimated. Other tourist activities (e.g., dining 
and shopping) were not considered, as the subprojects’ investments do not support such 
activities. The tourism value added was estimated at CNY1.2 per tourist-hour (footnote 6). 
Benefits were quantified based on the number of incremental tourists and tourist-hours. 
 
15. Without the project, pine tree disease would spread, causing direct costs of clearing and 
replanting trees, and reducing tourism revenue from reputational loss of scenic sites. Large 
amounts of carbon dioxide (CO2), usually sequestrated through trees, would be released and 
only recaptured once replanted trees mature. With the project implemented, an estimated 80% 
of 23,000 dying trees would be saved annually, with avoided costs of clearing, burning, and 
replanting activities, as well as released CO2 emissions. Environmental benefits from CO2 
sequestration were derived from the carbon content of typical trees and valued at the 2016 
global social cost of CNY267 per ton CO2, adjusted to 2019 price levels, and increasing 
annually by 2% to reflect the potential increase in marginal social costs of global warming over 
time.9 Benefits from the avoided costs of clearing, burning, and replanting trees were valued 
against the cost of workforce engaged. Avoided costs of reputational loss to scenic sites 
(affecting tourism) were not valued. 
 
16. With the green agriculture demonstration base established along the main scenic route 
in Huangshan, farmers included in the project are expected to gain incremental benefits from 
sales of green products to tourists. The incremental benefits were quantified at a 5%–10% 
increase in farmers’ income (i.e., estimated annual benefits of CNY895,000). Incremental 

 
7 Government of the PRC. 2008. Study Report for Green National Economic Accounting. Beijing. 
8 Detailed Economic Analysis (accessible from the list of supplementary documents in Appendix 2 of the report and 

recommendation of the President). 
9  Intergovernmental Panel on Climate Change. 

https://www.ipcc.ch/
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benefits from a small water supply scheme was valued against revenue and economic costs, 
with an estimated economic benefit of CNY1.95 per cubic meter. 

 
17. The economic cost comprises investment costs (i.e., civil works, machinery and 
equipment, land acquisition and resettlement, environmental protection, survey and design, 
consulting services, and training) and recurrent costs (i.e., maintenance and repair, and 
utilities).10 The present value of the investment cost is CNY971 million, and the recurrent cost is 
CNY30.4 million. 
 
18. The subprojects supporting outputs 1 and 2 yield a positive economic internal rate of 
return (EIRR) of 16%, safely above the social discount rate of 6% used primarily for projects 
with environmental outcomes. The economic net present value is CNY1,380 million based on 
the social discount rate of 6%. This is concluded to be at an acceptable level. More details of 
the economic calculations are presented in the detailed economic analysis (footnote 8). 
 
G. Sensitivity Analysis 
 

19. The robustness of the subprojects’ EIRR was tested against five adverse scenarios: (i) 
20% increase in capital expenditures, (ii) 20% increase in operational expenditures, (iii) 20% 
decrease in benefits, (iv) delayed benefits, and (v) 20% decrease in GDP growth (Table 2). 
Overall, the subprojects were to be robust against each scenario tested, with the EIRR of each 
scenario above the social discount rate (footnote 8). 
 

Table 2: Sensitivity Analysis 
(%) 

 
 
 
Subproject 

 
 

EIRR 

20% 
Increase 
in CAPEX 

 

20% 
Increase 
in OPEX 

 

20% 
Decrease 

in 
Benefits 

 

Combin
eda 

Delayed 
Benefitsb 

20% 
Decrease 

in GDP 
Growth 

Urban sewer upgrade 16 14 15 12 10 14 14 
River rehabilitation 12 10 11 9 6 10 11 
Rural wastewater improvements 16 14 16 13 11 14 14 
Tourism infrastructure at scenic road 20 18 20 17 15 18 19 
Agricultural demonstration case 15 13 14 12 10 13 13 
Pine forest disease prevention 17 14 17 13 10 13 17 

 All subprojects 16 14 16 13 10 14 14 

CAPEX = capital expenditure, EIRR = economic internal rate of return, GDP = gross domestic product, OPEX = 
operating expenditure. 
a Combined scenarios of an increase in CAPEX, an increase in OPEX, and a decrease in benefits. 
b Benefit generation delayed by 1 year. 
Source: Asian Development Bank. 

 

H. Project Beneficiaries and Poverty Impact 
 
20. 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 6% discount rate). The 
total net cost benefit is estimated to be CNY1,380 million. Based on the proportion of poor 
beneficiaries, the total benefit accruing to the poor is estimated to be CNY320 million and the 
poverty impact ratio is calculated as 0.13. 

 
10  ADB. 2019. Feasibility Study Report for Anhui Huangshan Xin’an River Ecological Protection and Green 

Development Project. Consultants report. Manila (TA 9311-PRC). 


