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ECONOMIC AND FINANCIAL ANALYSIS 
 
A. Introduction 
 
1. The economic analysis was conducted in accordance with the Guidelines for the 
Economic Analysis of Projects of the Asian Development Bank (ADB).1 The economic analysis 
aims at assessing the economic viability of the project and clarifying its economic rationale. The 
financial analysis was conducted in accordance with ADB’s Financial Management and Analysis 
of Projects and its Financial Due Diligence: A Methodology Note.2 The financial analysis covers 
financial management assessment and financial sustainability analysis. 
 
B. Sector Contexts 
 
2. Shandong Province been the largest agricultural producer (in value) in the People’s 
Republic of China (PRC) for over the past decade, registering 8.1% of the national grain products, 
8.9% of the meat products, and 14.7% of the aquatic products. Shandong Province also has the 
largest area of greenhouse vegetable production to supply fresh vegetables to PRC’s major 
coastal cities. The province is also one of the largest producers of industrial products, including 
electricity (7.7%), refrigerators (14.7%), televisions (11.0%), chemical fertilizer (13.2%), steel 
(8.6%), and flat glass (10.8%). 
 
3. Shandong Province’s economic development, with its strong agriculture sector, has 
required significant water resources, but water resources in the province are limited. Its water 
endowment accounts for only 1% of the total national water resources, while it is the home to over 
7% of the PRC’s population. Groundwater is the most important source of water supply for the 
province, accounting for 65% of the total water supply. However, the groundwater supply 
decreased from 13.4 billion cubic meters (m3) in 2001 to 8.9 billion m3 in 2012 due to historic 
overdrafting. Sustainable water supply is crucial to Shandong Province’s continuous economic 
growth and food security for the PRC. 
 
4. Current groundwater utilization is unsustainable and has the following consequences: (i) 
pumping costs have increased, (ii) groundwater quality is deteriorating due to seawater intrusion 
and environmental pollution, (iii) domestic water supplies and agricultural production are at risk, 
and (iv) the area is suffering from significant economic and financial damages caused by land 
subsidence. Seawater intrusion in the north has extended 35 kilometers inland from the coast, 
and some areas have already experienced subsidence of more than 2 meters. The process of 
land subsidence is irreversible, and urgent action is needed to avoid worsening. 
 
5. Shandong is one of the provinces that has led and demonstrated new and modern water 
conservancy practices and technologies in the PRC. To resolve the problem of water scarcity, it 
has adopted a number of mitigation measures, including improving efficiency of water use and 
water reuse, and introducing groundwater management measures and regulations. Nonetheless, 
these measures have not been successful in preventing the groundwater table in the Weifang–
Zibo area from further declining. 
 
6. The Weifang–Zibo area is the largest overexploited aquifer in Shandong Province, and 
the second largest in the PRC.3 Groundwater levels have dropped to critical levels in many 
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 The overexploited area of the Weifang–Zibo aquifer covers approximately 5,422 square kilometers. 
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areas, and recharge of groundwater resources is insufficient to recover from the excessive 
pumping during the dry periods. Seasonal rainfall fluctuates widely, with an average of 70% of 
the rainfall occurring from June to September, followed by drought during the rest of the year. 
Flooding occurs during the summer months, but storm waters flow to the sea unutilized. The 
pattern of irregular rainfall is expected to worsen as a result of climate change, and rainfall is 
predicted to decrease. 
 
7. A combination of engineering and economic measures is to be provided to further mitigate 
the overdraft of groundwater and its consequences in the Weifang–Zibo area. The project will be 
a contributing measure and will result in (i) increased recharge and rising groundwater levels (or 
slower declines) in Weifang–Zibo groundwater aquifer cones; and (ii) improved surface water 
management, irrigation, flood control, waterlogging, water supply, and wetland rehabilitation in 
the project area. These impacts are assumed to lead to improvements in water supply, drought 
resilience, alleviated flood and waterlog hazard, increased ecological function and value of the 
wetlands, improved irrigation management, reduced geohazard threat, and more sustainable 
livelihoods for the communities and neighborhoods in the project area. 
 
C. Economic Rationale 
 
8. The overdraft of groundwater is a typical case of the “tragedy of the commons,” where 
market mechanisms do not work. Groundwater is a common property resource, which means that 
no party possesses exhaustive rights to exploit it. Under common property regimes, individuals 
make decisions on resource utilization without coordinating with one another and without 
considering impacts of their use on the resources and on others’ future use of the resources. As a 
result, the resources end up being overexploited. This is not an issue particular to the project 
area, but to many water-scarce areas in the PRC. The groundwater depletion will have significant 
impact on the environment and on the economy and livelihoods (e.g., through increased pumping 
costs, increased treatment cost for salinity in the groundwater, and damages caused by land 
subsidence). The impact can be irreversible, and its economic cost can be immeasurable if 
appropriate action is not taken. Given the market failure, ADB’s support for the PRC’s investment 
is justified. The project will help Shandong reduce its reliance on groundwater by increasing 
availability of surface water and improving efficiency of surface water use. The impact of the 
project will be sustained groundwater resources and increased water supply to meet the need for 
increased economic activities and livelihoods in the project area. 
 
D. Demand Analysis 
 
9. Total water demand in the project area in 2012 was 950 million m3, which was used for 
irrigation (53.9%); industry (30.4%); urban residents (7.3%); forest, livestock husbandry, and 
fisheries (3.0%); rural residents (3.6%); and others.4 The groundwater supplied 571 million m3, 
60.1% of the total water demand, while the rest was from the surface water. The water demand 
in the project area is expected to increase to 1,355 million m3 in 2020. However, since it is not 
sustainable to further increase groundwater exploitation, the project will help the project area 
increase surface water availability from 398 million m3 in 2012 to 785 million m3 by 2020 to meet 
the increased demand, while it will keep the groundwater supply unchanged. 
 

                                                           
4 For each type of water user, water demand was estimated based on the business water consumption quota issued 

by the Water Resources Department of Shandong Province, historical data of water consumption, and planning and 
water resource management regulation in project counties. Those respective estimated water demands were 
aggregated to derive the total estimated water demand. 
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E. Least-Cost Analysis 
 
10. Least-cost analysis was conducted for the following alternative engineering options for 
water transmission in the Gaomi subproject: (i) upgrading of existing channels, and (ii) 
installation of new pipelines. 5  This analysis of the subproject exemplifies the least-cost 
comparisons for other subprojects. The average incremental economic cost was CNY0.365 per 
m3 for option 1 and CNY0.396 per m3 for option 2. Hence, option 1 was the least-cost option. 
Similarly, the least-cost analysis was conducted for the following alternative technologies for 
water transmission in the Qingzhou subproject: (i) pressurized concrete pipes, and (ii) 
non-pressurized water box culvert.6 The average incremental economic cost was CNY0.222 per 
m3 for option 1 and CNY0.377 per m3 for option 2. Hence, option 1 was the least-cost option. 
 
F. Cost–Benefit Analysis 
 
11. Cost–benefit analysis was conducted for five subprojects and the project as a whole 
based on the following assumptions: (i) lifetime of subprojects is 25 years, including a 
construction period of 5 years; (ii) residual value of fixed capital invested under the project at the 
end of the project life is zero; (iii) all prices and costs are expressed in 2015 prices; (iv) economic 
benefits and costs are valued in world price numeraire and expressed in yuan; (v) taxes, duties, 
and price contingencies are excluded from the economic cost; (vi) the economic opportunity cost 
of capital is assumed at 12% per year; and (vii) a standard conversion factor of 0.987 is used to 
convert financial prices of nontraded goods to economic prices, while 1.0 is used as the shadow 
wage factor for skilled labor and 0.67 for unskilled labor.7 
 
12. The projected economic benefit and cost flows were estimated for with-project and 
without-project situations (Table 1) and projected over a period of 25 years.  The incremental 
economic benefit and cost flows provided the basis for calculating the economic net present value 
(ENPV) and economic internal rate of return (EIRR). 
 
13. The estimated economic benefits comprise four types of quantifiable benefits: incremental 
water supply for residential use, incremental water supply for irrigation use, flood control benefit, 
and generated wetland services. The present value of total incremental economic benefits was 
estimated at CNY2,050 million, comprising CNY1,013 million from the incremental water supply 
for residential use, CNY445 million from the incremental water supply for irrigation use, CNY516 
million from flood control, and CNY76 million from the generated wetland services. 
 
14. The ENPV of incremental water supply for residential use was estimated based on the 
incremental water supply of 60.43 million m3 per year,8  and the willingness by concerned 
residents to pay for raw water (CNY3.744 per m3).9 The present value of increased water supply 

                                                           
5
 Project activities are grouped into subprojects by county in this economic analysis. The project comprises five 

subprojects as there are five counties under the project. This grouping is simply by geographic area and different 
from project outputs and components. 

6
 Such structures are placed under the water on the riverbed, whereas regular pressurized concrete pipelines are 

installed on the ground. 
7
 The same conversion factors were used in the reports and recommendations of the President of ADB-financed 

Qinghai Solar Thermal Power Project, Hebei Energy Efficiency Project, and Jilin Urban Development Project, 
among others. 

8
 The incremental water supply was quoted from the government’s feasibility study report. 

9
 ADB. 2012. Technical Assistance to the People’s Republic of China for Jilin Urban Development Project. Manila; 

and ADB. 2009. Report and Recommendation of the President to the Board of Directors: Proposed Loan and 
Technical Assistance Grant to the People’s Republic of China for the Hai River Estuary Area Pollution Control and 
Ecosystem Rehabilitation Project. Manila. The economic value of incremental water supply was estimated based on 
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for irrigation use was estimated based on the assumptions of the total crop area of 13,266 
hectares (ha), and the difference between annual earnings of CNY18,000 per ha from maize 
production and annual earnings of CNY25,350 per ha from irrigated rice production.10 
 
15. The ENPV of flood control benefit was derived from the aggregation of ENPVs of avoided 
flood damages in three subprojects. For each of those subprojects, financial values of flood 
damages in three different scales were collected from the historical data.11 Those damages 
include losses in fixed assets such as residential, commercial and industrial properties and 
facilities, and public infrastructure), disruptions of economic activities; and repair of flood control 
structures. The financial values of flood damages in three different scales were converted in 2015 
price and further projected for 20 years after the construction period (2021 to 2040) using the real 
economic growth rate. Those annualized financial values of flood damages in the different scales 
were multiplied with corresponding flood occurrence probabilities and then aggregated as the 
total annualized financial values of flood damages, which were further converted to economic 
values using the standard conversion factor. For each subproject, ENPV of flood control benefit 
was derived from the flow of the annualized economic values of flood damages using the 12% 
discount rate. 
 
16. The ENPV of generated wetland services benefit was estimated following the 
methodology used in a 2007 study on valuation of wetland services in the PRC.12 Environmental 
purification (e.g., the removal of nitrogen, phosphorus, and heavy metals from water and 
sediment); gas regulation (e.g., carbon dioxide–oxygen balance); disturbance regulation (e.g., 
storm protection, flood control, drought recovery); and biodiversity support (e.g., habitats for 
resident and migratory birds and fish) are considered in the economic benefit quantification of 
wetlands. Exchange rate changes and price escalation are used to estimate the 2015 values, and 
the standard conversion factor is used to convert the financial values into economic values. 

 
17. The economic cost comprises investment cost (civil works, machinery and equipment, 
land acquisition and resettlement, environmental protection, survey and design, consulting 
services, and training), and operation and maintenance (O&M) cost (maintenance, labor, 
chemicals, utility, and others).13 The present value of the investment cost is CNY1,091 million, 
and of the O&M cost is CNY170 million. 
 
18. As shown in Table 1, the project’s ENPV is CNY788.3 million and its EIRR is 20.6%. The 
EIRR exceeds the economic opportunity cost of capital, confirming the project’s economic 
viability. Individual subprojects have ENPVs ranging from CNY99.3 million to CNY219.1 million 
and EIRRs ranging from 18.7% to 23.8%, which confirms the economic viability of all subprojects. 
An estimate of the ENPV and EIRR for the whole project is presented in Table 2. 
                                                                                                                                                                                           

(i) the willingness to pay of CNY4.8 per m
3
 from the survey conducted for the project preparatory technical 

assistance for the Jilin Urban Development Project; and (ii) a conversion factor from treated water to raw water 
(78%) from the Hai River Project in the PRC. The benefit transfer method should be justified, as the Jilin Urban 
Development Project gives the latest information for the same type of water user (i.e., urban residents). The 
conversion was required, as the incremental supply of water in the current project is only raw water. 

10
 The economic benefit was derived from the difference in the ENPVs between rice production (which is for the 
after-project scenario) and maize production (which is for the before-project scenario) from the total cropland. The 
selection of rice for the after-project scenario is considered prudent where clear cropping patterns in the project 
sites are not yet known, as rice gives the most conservative estimate of net present value among potential irrigated 
crops. Maize production is considered to best reflect the current land use situation (i.e., either unused or limited 
rain-fed crop production). 

11
 Those historical data are from the feasibility study report provided by the Shandong Provincial Government. 

12
 C. Tong et al. 2007. Ecosystem service values and restoration in the urban Sanyang wetland of Wenzhou, China. 
Ecological Engineering. 29 (3). pp. 249–258.  

13
 Project activities are described in Section II C of the report and recommendation of the President. 
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Table 1: Economic Viability and Sensitivity Analysis 

Subproject 
ENPV 

(CNY million) EIRR 
10% Benefit 
Reduction 

10% 
Investment 

Cost Increase 

10% O&M 
Cost 

Increase 

Qingzhou 153.4 22.3% 20.2% 20.5% 22.2% 

Shouguang 219.1 20.1% 18.2% 18.4% 20.0% 

Changle 142.7 19.2% 17.5% 17.7% 19.2% 

Gaomi 99.3 18.7% 16.8% 17.0% 18.6% 

Huantai 173.8 23.8% 20.7% 21.7% 23.0% 

Whole Project 788.3 20.6% 18.6% 18.9% 20.5% 
CNY = Chinese yuan, EIRR = economic internal rate of return, ENPV = economic net present value, O&M = operation 
and maintenance. 
Source: Asian Development Bank estimates. 

 
G. Sensitivity Analysis 
 
19. The sensitivity analysis was carried out to assess economic viability of the project in three 
adverse scenarios: (i) 10% benefit reduction, (ii) 10% increase in the investment cost, and (iii) 
10% increase in O&M cost. As seen in Table 1, the analysis showed that the project as a whole 
and all the individual subprojects would remain economically viable in any of those three 
scenarios. 
 
H. Project Beneficiaries and Poverty Impact 
 
20. Direct beneficiaries of the project are inhabitants in directly affected project areas. In the 
five project cities and counties, the total population of 3.98 million people,  including about 
120,000 poor, will benefit directly from improved and sustainable water supply services and 
enjoy the improved living environment and conditions resulting from the project.14 The total 
population of 13.81 million in Weifang and Zibo prefectures, including 340,000 poor, will benefit 
indirectly due to the project’s promotion of social and economic development in the project area. 
  

                                                           
14

 The project beneficiaries comprise 500,114 residents in Huantai County; 1,057,479 residents in Shouguang City; 
924,535 residents in Qingzhou City; 878,667 residents in Gaomi City; and 618,018 residents in Changle County. 
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Table 2: Economic Internal Rate of Return for the Project, 2016–2040 
(CNY million) 

 

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

 
I. Financial Analysis 
 
21. Financial management assessment. The financial management assessment was 
conducted in January 2015 in accordance with ADB’s Financial Management and Analysis of 
Projects and its Financial Due Diligence: A Methodology Note to assess the financial 
management capacity of the executing and implementing agencies (footnote 2). The 
assessment concluded that the overall pre-mitigation financial management risk of the project is 
low based on the financial management risk rating of the executing and implementing agencies.  
The executing agency, Shandong Water Resources Department, has sound financial 
management capacity as well as experience with donor-funded projects, including the ongoing 
ADB-financed Risk Mitigation and Strengthening of Endangered Reservoirs in Shandong 
Province Project. As such, the Shandong Water Resources Department will take overall 
responsibility for financial management of the project and guide implementing agencies during 
project implementation. Nonetheless, training on project financial management, particularly on 
ADB’s disbursement procedures and its reporting and audit requirements, will be provided to 
strengthen the capacity of the implementing agencies. 
 
22. Financial sustainability analysis. Financial sustainability analysis was conducted for 
each facility that will be built under the project (project facility) in accordance with ADB’s 
Financial Management and Analysis of Projects (footnote 2). The analysis included the following 

 Water Supply Irrigation
Flood 

Protection

Wetland 

Service 
Total

Investment  

Costs
O & M Total

2016 0.0 0.0 0.0 0.0 0.0 85.3 0.0 85.3 (85.3)

2017 0.0 0.0 0.0 0.0 0.0 170.7 0.0 170.7 (170.7)

2018 0.0 0.0 0.0 0.0 0.0 256.0 0.0 256.0 (256.0)

2019 0.0 0.0 0.0 0.0 0.0 512.0 0.0 512.0 (512.0)

2020 135.7 73.2 63.2 10.2 282.4 426.7 22.9 449.6 (167.2)

2021 181.0 78.0 68.0 13.6 340.6 254.3 30.6 284.9 55.6

2022 226.2 97.5 73.1 17.0 413.8 0.0 38.0 38.0 375.8

2023 226.2 97.5 78.6 17.0 419.3 0.0 38.0 38.0 381.3

2024 226.2 97.5 84.4 17.0 425.2 0.0 38.0 38.0 387.1

2025 226.2 97.5 90.8 17.0 431.5 0.0 38.0 38.0 393.5

2026 226.2 97.5 97.6 17.0 438.3 0.0 38.0 38.0 400.3

2027 226.2 97.5 104.9 17.0 445.6 0.0 38.0 38.0 407.6

2028 226.2 97.5 112.8 17.0 453.5 0.0 38.0 38.0 415.5

2029 226.2 97.5 121.2 17.0 462.0 0.0 38.0 38.0 423.9

2030 226.2 97.5 130.3 17.0 471.0 0.0 38.0 38.0 433.0

2031 226.2 97.5 140.1 17.0 480.8 0.0 38.0 38.0 442.8

2032 226.2 97.5 150.6 17.0 491.3 0.0 38.0 38.0 453.3

2033 226.2 97.5 161.9 17.0 502.6 0.0 38.0 38.0 464.6

2034 226.2 97.5 174.0 17.0 514.8 0.0 38.0 38.0 476.7

2035 226.2 97.5 187.1 17.0 527.8 0.0 38.0 38.0 489.8

2036 226.2 97.5 201.1 17.0 541.8 0.0 38.0 38.0 503.8

2037 226.2 97.5 216.2 17.0 556.9 0.0 38.0 38.0 518.9

2038 226.2 97.5 232.4 17.0 573.1 0.0 38.0 38.0 535.1

2039 226.2 97.5 249.9 17.0 590.6 0.0 38.0 38.0 552.6

2040 226.2 97.5 268.6 17.0 609.3 0.0 38.0 38.0 571.3

ENPV 1,013.0          444.9        515.6           75.9            2,049.5    1,090.8    170.3       1,261.2    788.3       

EIRR 20.6%

Costs
Net 

Benefits

Benefits

Years
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tasks: 
 

(i) For each project facility, a managing authority responsible for O&M costs was 
identified. Project county governments are responsible for O&M costs for six of eight 
project facilities, while the other two facilities will each be financially managed by a 
water users association and a private enterprise. 

(ii) Second, fiscal budgets and expenditures for water resources management of each 
project county for 2013 and 2014 were assessed to see their fiscal situation. The 
fiscal situation varies by project county, with the utilization of budget ranging from    
60% to 98%. 

(iii) An annual O&M cost, which will incur annually from 2021, was estimated for each 
project facility. 

(iv) This future O&M cost was compared against each project county’s 2014 annual 
budget for water resources management to scale fiscal impact of the future O&M cost 
based on the budget size in 2014. The percentage of O&M cost in each county’s 
annual budget ranges from 5.6% to 33.3% (Table 3). Although it is ideal to compare 
projected annual budget from 2021 with the O&M cost, it was not possible, as (a) the 
annual budget of local governments is prepared by year based on needs, and (b) the 
O&M cost will be reflected in the budget only from 2021. Nonetheless, the Shandong 
Provincial Government should stipulate in the project agreement that the local 
governments, water users association, and private enterprise are financially 
responsible for the O&M cost. During project implementation, the Shandong 
Provincial Government should also compel the respective government or 
nongovernment entity responsible for each project facility to formulate an appropriate 
budget. 
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Table 3: Financial Sustainability of Project Facility 
Facility Location and Relevant Output and 

Component 

Financial 
Responsibi- 
lity for O&M 

2013 2014 
(E) 

Estimated 
Annual 
O&M 

Cost for 
Project 

Facilities 
from 2021 
(CNY’000) 

(E)/(D) 
City/ 
County 

Output and Component 

(A) Local 
Govern- 

ment 
Expenditure 

for WRM 
(CNY’000) 

(B) Local 
Govern- 

ment 
Budget for 

WRM 
(CNY’000) 

(A)/ 
(B) 

(C) Local 
Government 
Expenditure 

for WRM 
(CNY’000) 

(D) Local 
Govern-

ment 
Budget 

for WRM 
(CNY’00

0) 

(C)/ 
(D) 

Huantai 
County 

Output 1, component 1: Rehabilitation 
and construction of Matahu wetland 

county 
government 

56,969 67,197 85% 23,754 29,364 81% 

8,550 

33.3% 

Output 1, component 2: Development 
of a comprehensive water 
management information system 

Output 2, component 1: Rehabilitation 
of surface water flow systems  

county 
government 

1,220 

Output 3, component 1: Integrated 
circuit card controlled water usage 
system 

WUA (water 
and service 
charge) 

- - - - - - 198 - 

Shou- 
guang 
City 

Output 1, component 1: Rehabilitation 
and construction of Judianhu wetland 

city 
government 

161,130 165,270 97% 156,900 159,700 98% 10,290 6.4% 

Output 3, component 1: Storm water 
collection system 

Beneficiary 
Agency 
Huatian 
Group 

- - - - - - 258 - 

Gaomi 
City 

Output 2, component 2: Improvement 
of surface water storage 

Output 2, component 1: Rehabilitation 
of surface water flow systems 

city 
government 

60,660 74,970 81% 64,090 84,630 76% 4,770 5.6% 

Changle 
County 

Output 2, component 2: Improvement 
of surface water storage 

Output 2, component 3: Precipitation 
and flow monitoring capabilities 

county 
government 

16,493 27,368 60% 26,436 30,083 88% 7,030 23.4% 

Qingzhou 
City 

Output 2, component 1: Rehabilitation 
of surface water flow systems 

city 
government 

50,066 51,217 98% 50,052 56,204 89% 5,240 9.3% 

O&M = operation and maintenance, WRM = water resources management, WUA = water users association. 
Source: Asian Development Bank estimates. 


