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ECONOMIC ANALYSIS  

 
A. Introduction 

1. The economic analysis of the Chongqing Urban–Rural Infrastructure Development 
Demonstration Project covers eight poor districts and counties, with 21 road subcomponents 
and nine water supply subcomponents. For the overall project, the analysis covers (i) the 
economic rationale for public intervention, (ii) the goals of the investment plan, and (iii) the 
design of the plan. The economic analysis also evaluates the subcomponents based on least-
cost analysis criteria and standard benefit–cost analysis. 
 
2. Rationale for public intervention. The road and water supply sectors continue to be 
priorities under the Eleventh Five-Year Plan, which emphasizes providing safe and potable 
water, expanding the service coverage area, and rehabilitating water treatment plants (WTPs) 
and distribution networks.1 In the road sector, the aim is to build about 3.7 million kilometers 
(km) of roads by 2020. The development of Chongqing is anchored in the government’s 
Eleventh Five-Year Plan, which stresses accelerating economic growth through the 
development of rural areas that depend primarily on agriculture and improving the economic 
relationship between urban centers in districts or counties with rural towns. This would directly 
contribute to the municipal objective of promoting integrated urban–rural development. Ranked 
19th among the 31 provinces and municipalities in gross domestic product per capita, 
Chongqing promotes economic development through a combination of urban and rural growth 
management. The proposed ADB financing offers rural towns and townships of poor districts 
and counties the opportunity to develop their infrastructure and enable investments in resource 
processing, manufacturing, and services. The Chongqing municipal government is promoting 
the development of poor districts and counties in a coordinated manner by bringing about more 
sustainable investments in physical infrastructure and environmental management to improve 
the urban and rural quality of life. The involvement of the municipal government is justified 
because the integrated urban–rural development program covers eight poor district and 
counties. District (and county) and town (and ) township governments are coordinating and 
implementing the transport and water supply master plans to ensure integrated investments in 
roads and water supply systems, and to manage these project facilities better. 
 
3. Goals and design of the project. The project is a response to Chongqing’s 11th 5-year 
plan, which promotes sustainable economic development through the construction and 
upgrading of road and water supply facilities. The plan recognizes that achieving these goals 
will require improving basic services and environmental improvement in urban and rural areas. 
All subcomponents in the project are essential to the plan. The district (and county) and town 
(and township) government master plans are sound and are integrated with the overall planning 
process. 
 
B. Least-Cost Analysis 

4. The proposed investments are the least-cost solutions to achieve the project 
development objectives and to meet forecasted demand. Least-cost analysis was conducted 
throughout subcomponent selection and preliminary design to ensure that the selected 
investments are the most economical interventions. Least-cost analysis compares economic 
costs of technically viable project options and selects the one with the lowest present value of 

                                                 
1  Government of the People’s Republic of China, National Development and Reform Commission. 2006. The Outline 

of the Eleventh Five-Year Plan. Beijing. 
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economic costs. For the water supply subcomponents, the number, location, and size of the 
WTPs were based on (i) proximity to water supply source, (ii) absence of any planned 
settlements, (iii) terrain, and (iv) land availability. A comparison of alternative WTP sites was 
undertaken from an engineering perspective. The selection of water treatment process was 
based on the principle that WTPs must be designed to comply with the government's national 
drinking standards. Thus, the most common and frequently used process of flocculation, 
sedimentation, filtration, and disinfection was adopted in water purification, which is more 
economical than other more complex processes. Two types of pipes were analyzed, and the 
results showed that polyethylene pipe, at CNY1.59 per cubic meters (m3), was marginally 
cheaper than steel pipe (CNY1.60/m3). Cost effectiveness analysis of new road construction 
was based on minimizing cost per km or passenger per km to ensure the selection of the most 
efficient alternative for detailed analysis.2 Two road pavement standards were considered as 
improvement or construction options in the least-cost analysis. The results indicated that 
cement concrete pavement has the lowest present value of economic cost (estimated at 
CNY59.9 million), about 3% cheaper than bituminous pavement (estimated at CNY61.8 million). 
 
C. Demand Forecast 

5. Rural roads. Road improvement is based on the annual average daily traffic derived 
from traffic surveys with weights applied for different periods of the year.3 Forecast traffic is 
extrapolated based on traffic trends and/or income elasticity of demand based on gross 
domestic product growth. Different income elasticity for passenger traffic and freight traffic are 
assumed for each subcomponent. Generated traffic is assumed to be 10%–20% of total 
forecast traffic. 
 
6. Water supply. Water demand projections are based on projected service area 
population, and current and future consumption. Assumptions include the following: (i) 2009 per 
capita demand of 130 liters per day without increase over 25 years; (ii) annual population 
increase by 3%; (iii) constant household size; (iv) 80% of households connected to water supply 
in first year of operation, increasing to 100% over the next 5 years for all subcomponents; (v) 
non-domestic demand based on actual conditions; and (vi) losses at 10% of water production. 
 
D. Evaluation of Subcomponents 

7. Each subcomponent is economically justified. Economic internal rates of return (EIRRs) 
were estimated for rural road and water supply subcomponents. The EIRRs were compared 
with the economic opportunity cost of capital, which was assumed at 12%. A number of benefits 
were not quantified; those related to water supply subcomponents were reflected in the 
consumer’s willingness to pay for adequate water supply and include improvements in health, 
productivity, and employment. For the rural road subcomponents, the economic benefits that 
were quantified included (i) savings in vehicle operating costs, (ii) time savings due to improved 
travel, (iii) savings from fewer accidents, (iv) generated traffic benefits, and (v) income gains 
created by year-round road access. For the water supply subcomponents, quantifiable 
economic benefits included (i) resource cost savings (user cost savings and user time savings), 
and (ii) incremental water consumption brought about by the subcomponent. 
 

                                                 
2  The road surface design standards considered were asphalt concrete pavement and cement concrete pavement. 

Both surface standards have a gravel shoulder of 0.5 meters on both sides and concrete stabilization sub-base. 
3  Monthly figures are adjusted for seasonal factors, such as holidays, weather, and harvests, to give a seasonally 

adjusted annual average daily traffic. 
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8. The economic analysis was conducted for 25 years including project construction. 
Economic benefits and costs were denominated in domestic price numeraire at constant 
November 2009 prices. The foreign exchange rate used was CNY6.8 = $1. Project tradable 
components were adjusted to economic prices using a shadow exchange rate factor of 1.08. 
Non-tradable components were valued at domestic market prices. Unskilled labor was valued at 
a shadow wage rate of 0.67, reflecting the low productivity of unskilled labor. Project costs and 
benefits were estimated on a without- and with-project basis. Transfer payments were excluded 
in the valuation of cost estimates in economic prices. Standard sensitivity tests and an 
additional test for a 2-year implementation delay were conducted.4 The sensitivity indicator and 
switching value were calculated.5 
 
9. Rural roads. Under the rural road subcomponents (Chengkou, Fengjie, Fuling, 
Qianjiang, Wushan, Xiushan, Youyang, and Yunyang), about 362 km of roads consisting of 21 
road subcomponents will be will constructed and/or rehabilitated. In 2015, average estimated 
normal traffic level ranges from 705 to 3,426 passenger car units per day. The average vehicle 
operating cost with-project case is CNY1.4/vehicle-km. The benefits of generated traffic are 
estimated at half the vehicle operating cost of normal traffic. Travel time savings are valued for 
passengers in vehicles only, as the time of crew members are valued in vehicle operating costs. 
The time values of passengers are valued at 67% of the average wage. The average values 
used per person-hour are CNY5.0 for car passengers and CNY3.8 for bus passengers. The 
average economic cost of an accident is estimated at CNY0.0529/vehicle-km. In addition, 
annual income gain is estimated at CNY700. The roads EIRRs ranged from 15.7% to 18.1%, 
exceeding economic opportunity cost of capital. Thus, they are economically justified. Results 
are shown in Table 1. Sensitivity tests indicate that the results are robust and the proposed rural 
roads are recommended for implementation. Based on the sensitivity indicator and switching 
value parameters, the rural road subcomponents are more sensitive to a decline in benefits than 
an increase in costs. 
 

Table 1: Results of Economic Analysis for Roads  
(EIRR, SI, and SV in %; NPV in CNY million) 

Chengkou County Fengjie County Fuling District Qianjiang District 
Scenario EIRR NPV  SI SV  EIRR NPV SI SV  EIRR NPV SI SV EIRR  NPV SI SV  
Base 
case 18.1 54.6   15.7 46.3   18.3 51.3   17.3 59.9   

Case 1 16.7 44.5 0.8 42.0 14.3 30.6 0.9 26.5 16.6 41.3 0.9 38.7 16.0 48.3 0.7 41.2 
Case 2 16.5 38.9 0.9 38.1 14.2 26.0 1.0 24.0 16.5 36.2 1.0 35.1 15.9 42.3 0.8 37.3 
Case 3 15.1 28.4 1.7 20.4 12.8 10.4 1.8 12.8 14.9 26.2 1.8 18.9 14.7 30.7 1.5 20.0 
Case 4 16.8 41.4 0.0 0.0 14.8 33.4 0.0 0.0 16.4 36.2 0.0 0.0 17.1 54.3 0.0 0.0 

Wushan County Xiushan County Youyang County Yunyang County 
Scenario EIRR  NPV  SI SV  EIRR NPV SI SV  EIRR NPV SI SV  EIRR NPV SI SV 
Base 
case 17.0 45.6   17.0 86.9   15.8 19.5   17.1 62.4   

Case 1 15.7 36.3 0.8 39.1 15.7 68.6 0.8 38.5 14.5 13.9 0.8 29.8 15.8 50.3 0.8 39.8 
Case 2 15.6 31.7 0.8 35.4 15.5 59.9 0.8 34.9 14.4 11.9 0.9 27.0 15.7 44.1 0.8 36.1 
Case 3 14.3 22.4 1.6 18.9 14.3 41.6 1.6 18.7 13.2 6.2 1.7 14.5 14.5 32.0 1.6 19.3 
Case 4 16.5 33.4 0.0 0.0 16.3 73.0 0.0 0.0 15.2 15.4 0.0 0.0 16.8 55.2 0.0 0.0 

EIRR = economic internal rate of return, NPV = net present value, SI = sensitivity indicator, SV = switching value. 
Source: Asian Development Bank estimates. 

 

                                                 
4  Case 1: increase in capital and operating costs. Case 2: 10% decrease in benefits. Case 3: 10% increase in costs 

and 10% decrease in benefits. Case 4: 2-year implementation delay. 
5  The lower the switching value, the more sensitive the EIRR (or net present value) is to the change in the variable 

concerned and the higher the risk with the project. 
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10. Water supply. The nine water supply subcomponents in Chengkou, Fengjie, Wushan, 
Youyang, and Yunyang have combined capacity of 72,500 m3 per day. Economic benefits were 
based on user and time cost savings, and incremental consumption brought about by the new 
and expanded water supply services (Table 2).6 The total economic cost of non-incremental 
water depends on time spent collecting and boiling or filtering before use. The average time 
spent in collecting water is 2.8 hours per day, as determined from the socioeconomic surveys. 
The value of time is measured at 67% of the average wage rate of CNY20 per day. The monthly 
average cost of boiling water ranged from CNY15 to CNY100. Households with the new and 
expanded water supply services are estimated to increase their water consumption by 30%. The 
value of incremental water is based on the average willingness to pay as proxy for the demand 
price of water, which ranges from CNY1.8/m3 to CNY2.8/m3. The total value of non-incremental 
and incremental water makes up the gross total economic benefits of the water supply 
subcomponents. With EIRRs ranging from 17.3% to 19.7%, the subcomponents are 
economically justified and feasible under various sensitivity tests. The sensitivity indicator and 
switching value results indicate that water supply subcomponents are more sensitive to a 
reduction in benefits than an increase in costs. 
 

Table 2: Results of Economic Analysis for Water Supply 
(EIRR, SI, and SV in %; NPV in CNY million) 

Chengkou County Fengjie County Wushan County 
Scenario EIRR  NPV  SI SV  EIRR  NPV  SI SV  EIRR  NPV  SI SV  
Base case 17.9 4.3   17.7 10.7   18.2 9.7   
Case 1 15.7 2.9 1.2 27.1 16.8 9.9 0.3 13.7 16.1 6.7 1.2 28.5 
Case 2 15.5 2.5 1.3 24.6 15.4 6.2 1.3 24.9 15.8 5.8 1.3 25.9 
Case 3 13.4 1.1 2.5 13.3 13.5 2.9 2.4 13.4 13.8 2.9 2.5 13.9 
Case 4 14.6 2.0 0.0 0.0 14.6 5.4 0.0 0.0 15.1 5.1 0.0 0.0 

Youyang County Yunyang County 
Scenario EIRR  NPV  SI SV  EIRR  NPV  SI SV  
Base case 19.7 75.0   17.3 38.0   
Case 1 17.6 58.5 1.6 54.0 15.5 28.6 1.1 28.8 
Case 2 16.3 41.5 2.9 34.5 14.1 17.1 1.8 17.6 
Case 3 15.9 40.8 1.0 9.5 14.0 18.3 0.7 4.1 
Case 4 16.2 43.7 0.0 0.0 14.2 19.1 0.0 0.0 
EIRR = economic internal rate of return, NPV = net present value, SI = sensitivity indicator, SV = switching value. 
Source:  Asian Development Bank estimates. 
 
11. The overall EIRR of the project is estimated at 17.6% (17.0% for the 21 road 
subcomponents, and 18.2% for the nine water supply subcomponents). 
 

Table 3: Overall Economic Internal Rates of Return for  
Rural Road and Water Supply Components 

Rural Roads Water Supply 
Scenario EIRR NPV SI SV EIRR NPV SI SV 
Base case 17.0 383.7   18.2 82.2   
Case 1 15.7 297.3 0.8 35.7 16.3 62.0 1.1 30.4 
Case 2 15.6 259.0 0.9 32.4 15.4 43.5 1.7 25.5 
Case 3 14.2 172.6 1.7 17.3 14.1 31.3 1.8 10.8 
Case 4 16.2 302.5 0.0 0.0 14.9 47.1 0.0 0.0 
EIRR = economic internal rate of return, NPV = net present value, SI = sensitivity indicator, SV = switching value. 
Source: Asian Development Bank estimates. 
 

                                                 
6  Health benefits were estimated but not considered in the EIRR estimations since they are an assumed part of 

willingness to pay. 
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12. Distribution analysis and poverty impact assessment. Distribution analyses were 
prepared for each water supply subcomponent. The beneficiaries identified for the water supply 
component are (i) households that will use the project water will benefit as consumers, and will 
also gain by supplying labor during construction and operation; (ii) labor will gain where the 
financial costs of labor exceed its opportunity costs in implementation and operation of the 
subcomponent; and (iii) the county government will gain from tax revenues. Table 4 shows the 
distribution of benefits and poverty impact analysis. The benefits of the water supply component 
in monetary terms are estimated to calculate the poverty impact ratio, the proportion of total 
project benefits going to the poor. Total net benefits are estimated at CNY364.2 million. The 
proportion of benefits accruing to the poor is estimated at CNY23.3 million, producing an overall 
impact ratio of about 5.5% of the total benefits in present value terms. 
 

Table 4: Poverty Impact Ratio of the Water Supply Component 
(%) 

Item 
Financial 

 Value 
Economic 

Value Difference 
Households/ 
Consumers Labor Gov't WSC Total 

Benefits         

Water 
revenues 261,299.6 0 (261,299.6) (261,299.6)     

Resource 
cost savings 0 520,139.0 520,139.0 520,139.0     

Incremental 
consumption 0 72,714.0 72,714.0 72,714.0     

Total 
Benefits 261,299.6 592,853.0 331,553.5 331,553.5 0 0 0 331,553.5 

Costs         

Capital and 
O&M 368,556.0 350,744.0 (17,812.0)    (17,812.0)  

Labor  68,013.8 59,752.9 (8,260.9)  (8,260.9)    

Tax 6,583.4  (6,583.4)  - (6,583.4)   

Total Costs 443,153.1 410,496.9 (32,656.2)  (8,260.9) (6,583.4) (17,812.0) (32,656.2) 

Net Benefits (181,853.5) 182,356.1 364,209.7 331,553.5 8,260.9 6,583.4 17,812.0 364,209.7 

Gains and 
losses    331,553.5 8,260.9 6,583.4 17,812.0 364,209.7 

Net financial 
benefits       (181,853.5)  

Total benefits       (164,041.6)  

Proportion to 
poverty (%)    12.4 12.4 12.4 12.4  

Benefit to 
poverty    42,226.3 1,041.2 834.2 (20,803.0) 23,298.7 

Poverty 
impact ratio 
(%)        5.5 

( ) = negative, Gov't = government, O&M = operation and maintenance, WSC = water supply company. 
Source: Asian Development Bank estimates. 


