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ECONOMIC ANALYSIS  
 
A. Introduction 
 
1. This analysis assesses the economic viability of the project in accordance with the Asian 
Development Bank (ADB) Guidelines for the Economic Analysis of Projects.1  
 
2. The two project areas are in Nayong and Anlong counties of Guizhou Province. Nayong 
is in the northwest of the province, with a population of 1 million and per capita gross domestic 
product (GDP) of CNY22,097. Anlong is in the southwest of the province, with a population of 
467,000 and per capita GDP of CNY24,524. The proposed project includes two outputs: (i) output 
1: Pingqiao reservoir of Anlong, Pingshan reservoir of Nayong, and water transfer facilities in both 
counties; and (ii) output 2, which includes four subcomponents: (a) revegetation of desertification 
areas in the project areas; (b) promotion of sustainable farming to reduce rocky desertification, 
including pilot project demonstration, and publicity and promotion of sustainable farming; (c) 
monitoring of the climate change impact on rocky desertification; and (d) policy reforms, capacity 
development, and knowledge dissemination.  
 
B. Sector Context 
 
3. Rocky desertification is characterized by vegetation degradation, soil erosion, and bedrock 
exposure. In the People’s republic of China (PRC), rocky desertification is one of the most serious 
land degradation problems in karst areas in the southwest. Rocky desertification reduces 
vegetation, soil, land productivity, and arable lands; increases natural disasters such as landslides 
and debris flows; and deteriorates ecology, increasing vulnerability to climate change and 
deteriorating people’s livelihoods. Guizhou has the biggest rocky desertification area in the PRC. 
The ratio of rocky desertification areas is 32.4% in Anlong and 25.4% in Nayong, which are much 
higher than the provincial ratio of 17.2%.  
 
4. In the southwest PRC, including Guizhou, rainfall concentrates during the rainy season 
and most becomes floodwater that cannot be used. Uneven seasonal rainfall in Anlong and 
Nayong is more remarkable than in the whole province. Porous limestone formations cannot 
capture and store much rainfall. Although annual precipitation in Guizhou including Anlong and 
Nayong is much higher than the PRC average, the amount of annual water supply per person is 
about 60% of the PRC average. To capture sufficient water and distribute it to users in karst areas, 
and to change unsustainable land use and restore vegetation in rocky desertification areas, water 
storage facilities are essential. However, Anlong and Nayong have insufficient water storage 
facilities. Some 70%–80% of water supply in Anlong and Nayong relies on unstable resources 
such as rainfall, stream, and groundwater. 
 
5. Guizhou has the lowest GDP in the PRC. The rural poverty ratio in Guizhou (18.0%) is 
much higher than the national rate (7.2%). The poverty ratio in the project areas is 20.7% in 
Anlong and 20.6% in Nayong. Rocky desertification is a main cause of the deterioration of 
livelihoods in Guizhou. 
 
C. Economic Rationale 
 
6. As water and fertile land resources are public goods and not optimized via market 
mechanisms, market solutions through private sector involvement or financing are less viable. 

                                                
1  ADB. 2017. Guidelines for the Economic Analysis of Projects. Manila.  

http://www.adb.org/Documents/RRPs/?id=48468-002-3
http://www.adb.org/Documents/RRPs/?id=48468-002-3
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The project will conserve water resources through the constriction of Pingqiao and Pingshan 
reservoirs and related water transfer facilities; reduce existing and potential rocky desertification 
areas through revegetation; and change unsustainable farming—which is the main cause of rocky 
desertification—to sustainable farming, by providing local farmers with incentives to adopt 
sustainable farming through pilot projects, capacity development, guidance, and publicity. Under 
the present institutional environment, private incentives for such investment are not in place, so 
public investment with ADB support is needed.  
 
D. Demand Analysis 
 
7. Demand for water for urban and rural use and livestock, excluding irrigation, will continue 
to grow in both Pingqiao reservoir water supply area in Anlong and Pingshan reservoir water 
supply area in Nayong, with population and urbanization (Tables 1 and 2). In addition, agricultural 
development is increasing near Pingqiao and Pingshan reservoirs. The area of land under 
irrigation is expected to rise five hold to 71 square kilometers near Pingqiao reservoir by 2025 
and tenfold to 40 square kilometers near Pingshan reservoir by 2021. The amounts of water 
required to irrigate these areas will be 36 million cubic meters (m3) per year for the area near 
Pingqiao reservoir and 11 million m3 per year for the area near Pingshan reservoir. Existing water 
sources are insufficient to meet these growing demands. Pingqiao and Pingshan reservoirs will 
supply the water deficits. Pingqiao reservoir will supply 36 million m3 of water per year for irrigation 
and 40 million m3 per year for others. Pingshan reservoir will supply 16 million m3 of water per 
year for irrigation and 5 million m3 per year for others.   
 

Table 1: Water Demand of Pingqiao Reservoir Water Supply Area for Urban and Rural 
Use and Livestock (Excluding Irrigation) 

Item 

2009 2020 2025 

Population 
Water Demand  

(1,000 m3/year) Population 
Water Demand  

(1,000 m3/year) Population 
Water Demand  

(1,000 m3/year) 

A. Urbana 

Industrial 
consumption 
included in urban 
use 

106,278 8,410 

1,890 

231,990 26,057 

6,910 

369,200 60,840 

2,680 

B. Rural 114,419 2,506 60,536 1,768 51,600 1,510 

C. Large Livestock 49,904 729 51,513 940 58,980 1,080 

D. Small Livestock 141,825 1,036 153,977 1,405 181,470 1,660 

Total   12,680  30,170  65,090 

m3 = cubic meter.  
a  Urban use includes residential and industrial consumption, municipal buildings, parks and green space, and fire control. 
Source: Asian Development Bank. 

 
Table 2: Water Demand of Pingshan Reservoir Water Supply Area for Urban and Rural 

Use and Livestock (Excluding Irrigation) 

 
Item 

2008 2015 2020 

Population 
Water Demand  

(1,000 m3/year) Population 
Water Demand  

(1,000 m3/year) Population 
Water Demand  

(1,000 m3/year) 

A. Urbana 2,965 135 52,693 3,606 73,368 5,691 

B. Rural 133,086 2,672 89,720 2,456 73,368 2,142 

C. Large Livestock 17,727 194 19,418 248 20,611 301 

D. Small Livestock 45,197 330 49,508 452 52,551 575 

Total  3,331  6,762  8,709 

m3 = cubic meter.   
a  Urban use includes residential consumption, municipal buildings, parks and green space, and fire control. 
Source: Asian Development Bank. 
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E. Least Cost Analysis 
 

8. The government approved the primary designs for the two reservoirs and water transfer 
facilities in 2013. The environmental impact assessment considered alternative engineering 
specifications at length (including dam site, type, size, and associated infrastructure), but no 
economically viable alternative sources of supply were found at an equivalent scale.  
 

F. Cost–Benefit Analysis  
 

9. Key parameters and assumptions. Incremental costs and benefits are estimated by 
comparing with- and without-project scenarios for each subproject and the project as a whole. For 
all subprojects, economic analysis was conducted for the project lifespan of 30 years, including 
the construction period of 5 years. All prices and costs are expressed in 2016 prices and in the 
domestic currency. A discount rate of 9% per annum is assumed. Capital costs are adjusted to 
eliminate price contingencies, interest during construction, and taxes, while physical 
contingencies are included. The world price numeraire is used: tradable commodities are valued 
at border prices at the prevailing exchange rate; a standard conversion factor of 1.03 is applied 
for non-tradable commodities, 1.00 for skilled labor, and 0.67 for unskilled labor.2   
 
10. Economic costs. Base costs plus physical contingencies are estimated and apportioned 
based on tradable, non-tradable, and skilled and unskilled labor costs. Similarly, operation and 
maintenance (O&M) costs for each subproject and the overall project are estimated and 
apportioned based on tradable and non-tradable works, consumables, services, equipment and 
machinery, and skilled and unskilled labor valued in economic prices. The project’s total 
investment cost is estimated at CNY2,843.8 million, and the O&M costs at CNY639.2 million.   
 
11. Economic benefits. The main benefits of output 1 include water supply for new irrigation 
areas. The main benefits of output 2 include cash crop and fruit tree harvests, soil improvement, 
and knowledge dissemination. The benefits of irrigation supply are based on the increased 
agricultural production that will result from improved yield and cropping intensity in the expanded 
irrigation areas. The benefits of new plantings and cash crops are based on estimated yield, area 
of planting, market prices, and net of input costs. The benefits of supply for domestic consumption 
are based on the estimated willingness to pay of urban consumers for incremental supply, 
improved health outcomes, and avoided time off work for rural residents. An annual rate of growth 
in benefits of 1% is assumed, based on the uptake of improved agricultural technologies and 
practices, increasing productivity, market connectivity, and incomes.3   
 

                                                
2  The conversion factors follow the practice applied in the Shanxi Urban–Rural Water Source Protection and 

Environmental Demonstration Project (ADB. ADB. 2017. Report and Recommendation of the President to the Board 
of Directors: Proposed Loan to the People’s Republic of China for the Shanxi Urban-–Rural Water Source Protection 
and Environmental Demonstration Project. Manila). 

3 Crop production in existing irrigated areas is used as a proxy to estimate improved yields for the newly irrigated areas. 
Willingness to pay is estimated at CNY4.75/m3, based on the survey conducted for the project preparatory technical 
assistance for the Guangdong Chaonan Water Resources Development and Protection Demonstration Project (ADB. 
ADB. 2014. Report and Recommendation of the President to the Board of Directors: Proposed Loan to the People’s 
Republic of China for the Guangdong Chaonan Water Resources Development and Protection Demonstration 
Project. Manila), including adjustment for inflation since the time of that analysis, and a scaling of 4% to account for 

difference in average incomes. The Guangdong Chaonan project is a suitable base for unit transfer as it targets 
similar water scarcity, and has comparable impacts and beneficiaries. The value of water for industrial use is based 
on the marginal productivity of water per unit of industrial value added, at an estimate of CNY4.6/m3. The value of 
health outcomes is based on the reduced incidence of diseases related to sanitation conditions of drinking water and 
avoided time off work for rural beneficiaries. Full details are in the Supplementary Appendix: Economic Analysis—
Methods and Assumptions.  
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12. Substantial additional benefits of the project remain unquantified. For output 1, this 
includes additional livestock productivity and agribusiness associated with increased crop yields; 
improved profitability of diversification into alternative cash crops; non-incremental resource cost 
savings; groundwater recharge and associated ecological benefits; flood mitigation benefits; 
carbon sequestration of revegetation; and protected areas of the reservoir catchments. 
Unquantified benefits of output 2 include policy reforms, climate change monitoring, capacity 
development, and broader knowledge dissemination.   
 
13. Economic viability. Over a 30-year period, the economic internal rate of return is 9.88% 
and the overall net present value for the project is CNY193.6 million (Table 3).  
 

Table 3: Net Present Value and Economic Internal Rate of Return for the Whole Project 
(CNY million) 

Year 

Economic Benefits  Economic Costs 

Net  
Pingqiao 
Reservoir 

Pingshan 
Reservoir Revegetation 

Sustainable 
Farming Total 

 
 

Investment  
Cost 

O&M 
Cost Total 

2016 0.0  0.0  0.0  0.0  0.0   89.3  0.0  89.3  (89.3) 
2017 0.0  0.0  0.0  0.0  0.0    0.0  577.2  (577.2) 
2018 0.0  0.0  0.0  0.0  0.0   436.5  0.0  436.5  (436.5) 
2019 0.0  0.0  0.0  0.0  0.0   510.4  0.0  510.4  (510.4) 
2020 0.0  0.0  0.0  0.0  0.0   473.9  0.0  473.9  (473.9) 
2021 163.8  52.4  0.0  0.0  216.3   322.2  0.0  322.2  (105.9) 
2022 168.0  73.7  12.9 6.9  261.6   139.7  19.6  159.3  102.3 
2023 172.1  86.7  13.1 10.6  282.5   146.1  21.4  167.4  115.0 
2024 175.2  89.2  22.4 15.1  301.9   145.7  26.0  171.7  130.1 
2025 229.6  90.0  22.6 15.2  357.5   2.9  26.0  28.9  328.6 
2026 231.9  90.9  22.9 15.4  361.0   0.0  26.0  26.0  335.0 
2027 234.2  91.8  23.1 15.5  364.6   0.0  26.0  26.0  338.6 
2028 236.5  92.7  23.3 15.7  368.3   0.0  26.0  26.0  342.3 
2029 238.9  93.7  23.5 15.9  372.0   0.0  26.0  26.0  345.9 
2030 241.3  94.6  23.8 16.0  375.7   0.0  26.0  26.0  349.7 
2031 243.7  95.5  24.0 16.2  379.4   0.0  26.0  26.0  353.4 
2032 246.2  96.5  24.2 16.3  383.2   0.0  26.0  26.0  357.2 
2033 248.6  97.5  24.5 16.5  387.0   0.0  26.0  26.0  361.0 
2034 251.1  98.4  24.7 16.7  390.9   0.0  26.0  26.0  364.9 
2035 253.6  99.4  24.9 16.8  394.8   0.0  26.0  26.0  368.8 
2036 256.1  100.4  25.2 17.0  398.7   0.0  26.0  26.0  372.7 
2037 258.7  101.4  25.4 17.2  402.7   0.0  26.0  26.0  376.7 
2038 261.3  102.4  25.7 17.3  406.7   0.0  26.0  26.0  380.7 
2039 263.9  103.5  25.9 17.5  410.8   0.0  26.0  26.0  384.8 
2040 266.5  104.5  26.2 17.7  414.9   0.0  26.0  26.0  388.9 
2041 269.2  105.5  26.4 17.9  419.0   0.0  26.0  26.0  393.0 
2042 271.9  106.6  26.7 18.0  423.2   0.0  26.0  26.0  397.2 
2043 274.6  107.7  26.9 18.2  427.4   0.0  26.0  26.0  401.4 
2044 277.4  108.7  27.2 18.4  431.7   0.0  26.0  26.0  405.7 
2045 277.4  109.8  27.4 18.6  433.3   0.0  26.0  26.0  407.3 
2046 1,323.5a  509.9a  27.7 18.8  1,879.9   0.0  26.0  26.0  1,853.9 

    NPV = 193.6 
    EIRR = 9.88% 

( ) = negative, EIRR = economic internal rate of return, NPV = net present value, O&M = operation and maintenance.  
a A residual value for the infrastructure assets is included in year 2046, based on an estimated economic life of 50 years 
Source: Asian Development Bank. 

 
14. The bulk of the investment costs and benefits are in the two reservoirs and associated 
water transfer facilities. The net present values and economic internal rate of returns for each 
output are in Table 4.  
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Table 4: Net Present Value and Economic Internal Rate of Return for Individual Outputs  

Output 
NPV 

(CNY million) 

EIRR 

(%) 

1.1 Pingqiao reservoir and water transfer facilities 122.9  9.80  
1.2 Pingshan reservoir and water transfer facilities  57.1  9.98  
2.1 Revegetation in Anlong and Nayong    11.9   12.12  
2.2 Sustainable farming pilot projects in Anlong and Nayong       1.8  9.39  

EIRR = economic internal rate of return, NPV = net present value. 
Source: Asian Development Bank. 

  
G.  Sensitivity Analysis 
 
15. Sensitivity tests were conducted for each of the subprojects and for the overall project 
(Table 5). While the results indicate some sensitivity, they should be interpreted with caution, 
alongside recognition that the unquantified benefits of the project are substantial, and that the 
cost–benefit analysis underestimates the full benefits that will result from the project.   
 

Table 5: Summary of Sensitivity Analysis for Whole Project 

Scenario 
EIRR 

(%) 

NPV 

(CNY million) 

Switching value 

(%) 

Base Case 9.88 193.6  
(i) Benefits reduction by 10% 9.14   29.4 11.25 
(ii) Investment cost increase by 10% 8.98     (4.9) 9.75 
(iii) O&M cost increase by 10% 10.14  247.3 179.40 
(iv) Combined 7.90   (252.0)  

( ) = negative, EIRR = economic internal rate of return, NPV = net present value, O&M = operation and maintenance. 
Source: Asian Development Bank. 

 
H. Distributional Analysis 
 
16. This project will have a significant beneficial impact on small-scale farming communities 
and enterprises, as well as rural towns and industries. The poverty ratio among the population in 
the project areas in the two counties was 20.7% in Anlong and 20.6% in Nayong. Local 
communities in the project areas will benefit from improved water availability and reliability of 
supply for agriculture, industry, and domestic use. Additional rural employment will result from 
improved yields and livestock production, associated agribusinesses, civil works, and 
maintenance of sustainable farming pilot projects. The overall poverty impact ratio is computed 
to be 26.1%. 

 


