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ECONOMIC ANALYSIS  

 
A. Introduction 
 
1. Guangxi Zhuang Autonomous Region (Guangxi) and the rest of the western part of the 
People’s Republic of China (PRC) have not been benefited as much as the eastern and 
northeastern coastal regions from rapid national economic growth and reforms. Basic 
infrastructure and services still fall short of increasing demand, hindering investment, degrading 
the environment, and limiting the opportunities for growth. Although the economies of three 
costal project cities of Beihai, Qinzhou, and Fangchenggang have grown steadily since 2001 
due to support under the Western Development Strategy (Table 1), three port cities of Beihai, 
Qinzhou, and Fangchenggang are struggling to expand their basic infrastructure and services to 
keep pace with industrial development. Through environmentally friendly urban development, 
the national and provincial governments expect these three port cities be more economically 
competitive to reduce poverty, support domestic demand-driven economic growth, and build as 
an economic gateway for the PRC’s western inland provinces. The Guangxi Beibu Gulf Cities 
Development Project will provide economic benefits by (i) promoting environmentally sound 
urban development to improve the port cities’ investment climate and international and domestic 
trade and commerce, (ii) accelerating sustainable socioeconomic development and poverty 
reduction through increased employment opportunities for the poor and rural migrants, and (iii) 
improving the quality of life of the poor by providing access to better social services and a 
cleaner environment. 
 

Table 1: Major Economic Indicators for Beihai, Qinzhou, and Fangchenggang, 2009 
Economic Indicators Beihai Qinzhou Fangchenggang 
GDP (CNY billion) 33.5 39.6 24.4 
GDP growth rates (%) 16.0 15.3 22.6 
GDP by sectors (%)    

Primary 23.1 29.1 17.0 
Secondary 40.4 35.7 49.9 
Tertiary 36.5 35.2 33.1 

Urban income per capita (CNY) 15,200.0 15,768.0 16,000.0 
Rural income per capita (CNY) 4,740.0 4,843.0 5,000.0 
Population (’000) 1,430.6 3,485.6 847.6 
GDP = gross domestic product. 
Source: Guangxi Statistical Communique, 2009. 
 
2. The project includes four urban road components and a wastewater treatment plant 
(WWTP) component. The methodology, baseline assumptions, analysis, and results of the 
traffic forecast for the proposed road components were reviewed. It was concluded that the 
traffic forecasts conducted by the design institutes were technically appropriate. The four-step 
procedure—the widely accepted international standard methodology—was used.  
 
B.  Economic Costs and Benefits 
 
3. The economic evaluation of the project was carried out by comparing with-project and 
without-project scenarios. All benefits and costs are in constant 2011 prices. The economic 
costs of the project components include (i) capital cost, including land acquisition and 
resettlement, and environmental mitigation and monitoring; and (ii) operation and maintenance 
costs, including replacement cost of depreciated equipment. Tradable commodities were valued 
at border prices at the prevailing exchange rate. Non-tradable commodities were valued through 
shadow prices using a standard conversion factor of 0.99, and specific conversion factors: 1.00 
for equipment and civil works, 1.00 for skilled labor, and 0.67 for unskilled labor. A shadow price 
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was used to put an economic value on the wages paid to unskilled labor but not on the wages 
paid to skilled labor. The land acquisition and resettlement costs were estimated based on their 
opportunity costs—that is, the agricultural output foregone and the relocation of displaced 
activities. Transfer payments, including taxes, duties and interests, are excluded from the 
economic costs, while physical contingencies are included. 
 
4. Financial costs, including physical contingencies, were converted to economic costs 
through different approaches. For the road component, the project costs included (i) the 
economic costs of construction, including monetary compensation for land acquisition and 
resettlement triggered by the road construction; and (ii) the economic costs of road operation 
and maintenance. Major inputs for construction are timber, steel, cement, and bitumen, which 
are tradable goods and valued at border prices.  
 
5. The economic benefits of the road are broken down into three categories: (i) savings in 
vehicle operating costs (VOC), (ii) savings in passenger travel time (VOT), and (iii) savings in 
the economic costs of accidents (VOA). The above listed costs are all separated into the 
classes of cars, light trucks, medium trucks, heavy trucks, buses, and motorcycles. The VOC 
are further subdivided into costs of fuel, tire, and maintenance. Value differentials for time 
between leisure and work are also reflected in VOT calculations. Tourism development, 
increased border trade activities and land value appreciation that will result from the project are 
likely to yield positive economic benefit. However, the current analysis of the economic internal 
rate of return (EIRR) took a conservative approach to exclude these economic benefit because 
of the lack of data and unclear quantitative causality relationship established in the literature. 
 
6. The Maoling WWTP and Sewerage Network component provides direct benefits to users 
and reduces the health hazards, odor, and environmental damage that would otherwise occur. 
The impacts associated with improvements in wastewater collection and treatment includes (i) 
improved water quality in the local river, and (ii) reduced frequency of acute surface water 
contamination. Benefits that result from these impacts are reduced risk of human exposure to 
waterborne pathogens in surface waters and the avoided losses of the work that would have 
resulted from waterborne diseases. Other benefits accrued to amenity values, local tourism, and 
fishery industries are not considered in the current analysis because of their insignificant scale, 
possible double counting, and the lack of data.1

 

  Economic benefit is calculated by transforming 
the physical loss into monetary loss. The modified human capital method is applied to quantify 
the medical and indirect costs. In the case of reduction of cancer mortality, the statistical value 
of life method is applied. 

7. Least-cost analysis is used for alternative analysis. For example, the type of pavement 
to be used for the Fangchenggang Fangcheng–Jiangshan road and related infrastructure 
component was assessed. The two alternative schemes examined were (i) concrete pavement 
for all sections, except the Wanheshan nature reserve; and (ii) bituminous pavement for all 
sections. The average incremental economic costs of the two alternatives have been compared. 
The discount factor used is the economic opportunity cost of capital assumed at 12%. It is 
shown that option (i) is the least-cost option. 

                                                 
1  It is widely agreed that revealed subjective benefits such as amenity values may include some objective benefits, 

such as health hazard reduction.  
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C.  Results of the Economic Assessment and Sensitivity Analysis 
 
8. The base case EIRR calculation for the entire project is presented in Tables 2 and 3. At 
a 12% discount rate, the project is found to be economically viable. The net present value (NPV) 
is CNY1,188.2 million and the EIRR is 18.3%. The estimated benefits of the project are 
considered to be conservative, because the economic evaluation does not fully quantify the land 
value appreciation and other items that reflect consumer surplus gains in comparison with the 
without-project scenario. The actual benefit from the project could substantially exceed the 
estimates presented.  
 
9. Quantitatively, large benefits are found to be generated by the Qinzhou Port Xincheng 
urban road network and related infrastructure component. The component has a cost structure 
similar to those of other road components of the project but large cost savings are assumed 
through port freight cargo delivery and local commuters’ VOT, VOC, and VOA from improved 
urban roads and traffic conditions. The base case NPV for the component is CNY1,199.9 million 
and the EIRR is 23.7%. For the Beihai Zhulin urban road and related infrastructure component, 
generated traffic benefits are assumed to become evident gradually over four years. EIRR 
calculation follows a conventional VOC and VOT approach. The EIRR results show that the 
component’s base case NPV is CNY11.7 million and the EIRR is 12.7%. For the Beihai Yingpan 
road and related infrastructure component, the EIRR calculation shows that base case NPV of 
the component is CNY25.6 million and the EIRR is 12.7%. The Fangcheng–Jiangshan road and 
related infrastructure component connects Fangcheng district to Jiangshan county, which then 
connects to Dongxing city on the border with Viet Nam. This component supports urban 
residential expansion toward the west, increasing road capacity and improving road safety for 
logistics activities for border trade between Guangxi and Viet Nam. The road also serves to 
provide a better access to Jiangshan Peninsula, which the city will develop as a science and 
educational center with ecological tourism resources. The base case NPV for the component is 
CNY120.1 million and the EIRR is 15.0%. For the Fangchenggang Maoling WWTP and 
sewerage network component, the EIRR calculation shows that the NPV is CNY13.6 million and 
the base case EIRR is 14.5%. 
 
10. The sensitivity analysis was carried out to test the effects of negative changes in the key 
parameters that determine the benefits and costs of the project. The sensitivity analysis found 
that the project remains economically viable in the face of a 20% increase in costs or a 20% 
decrease in all benefits. In the worst-case scenario—a combination of costs increased by 20% 
and all benefits decreased by 20%, together with a 1-year implementation delay—the EIRR falls 
to 13.8% but the NPV remains positive at a discount rate of 12%. Individual analysis indicated 
that the project is economically robust. The EIRRs for the case of (i) benefits decreased by 
20%; (ii) increased capital cost by 20%; and (iii) project completion delay of one year were 
15.6%, 16.2%, and 18.1%, respectively. Overall, the project is most sensitive to a decrease in 
benefits.  
 

Table 2: Summary of Sensitivity  Analysis 

Item 
EIRR 
(%) 

NPV 
(CNY million) 

Sensitivity 
Indicator 

Switching 
Value 

1. Base case 18.3 1,188.2   
2. Benefits decreased by 20% 15.6    627.4 2.36 42.4 
3. Capital cost increased by 20% 16.2    883.5 1.28 78.0 
4. Construction delay of 1 year 18.1    986.7 0.17 589.9 
5. Combination of 2, 3, 4. 13.4      229.3   
EIRR = economic internal rate of return, NPV = net present value. 
Source: Asian Development estimates. 
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Table 3: Economic Internal Rate of Return for the Whole Project 
(CNY million) 

Year 

Economic Benefits  Economic Costs 

Net 
Benefits 

Fangchenggang Qinzhou Port 
Xincheng 

Urban Road 
Network and 

Related 
Infrastructure 

Beihai 

Total 
Benefits 

 

Capital 

Operation 
and 

Maintenance 
Total 
Costs 

Fangcheng–
Jiangshan Road 

and Related 
Infrastructure 

Maoling 
Wastewater 

Treatment Plant 
and Sewerage 

Network 

Zhulin Urban 
Road and 
Related 

Infrastructure 

Yingpan Road 
and Related 

Infrastructure  
2011 0.00  0.00  0.00  0.00  0.00  0.00  147.09 0.00 147.09 (147.09) 
2012 0.00  0.00  0.00  0.00  0.00  0.00  596.06 0.00 596.06 (596.06) 
2013 0.00  0.00  0.00  0.00  0.00  0.00  660.78 0.00 660.78 (660.78) 
2014 0.00  0.00  0.00  0.00  0.00  0.00  546.42 0.00 546.42 (546.42) 
2015 0.00 18.32  0.00 18.88  28.88  66.08  167.37 5.75 173.12 (107.04) 
2016 47.92  18.98  206.31  20.38  44.59  338.19  8.17 7.93 16.10 322.09 
2017 59.39  19.68  238.82  22.07  49.72  389.67  0.00 12.95 12.95 376.72 
2018 65.84  20.41  263.18  23.91  55.53  428.88  0.00 22.67 22.67 406.20 
2019 72.92  21.18  289.63  26.89  61.26  471.89  0.00 20.30 20.30 451.59 
2020 80.71  21.99  319.76  30.25  67.22  519.92  0.00 15.27 15.27 504.65 
2021 89.26  22.84  352.59  33.93  73.76  572.38  0.00 28.74 28.74 543.63 
2022 98.59  23.73  388.04  38.04  80.96  629.35  0.00 15.57 15.57 613.78 
2023 108.86  24.66  424.33  42.34  88.88  689.07  0.00 37.79 37.79 651.28 
2024 118.11  25.64  464.19  45.80  95.78  749.52  0.00 20.96 20.96 728.55 
2025 127.48  26.67  507.97  49.68  102.28  814.09  0.00 31.90 31.90 782.19 
2026 137.42  27.76  538.33  53.90  109.33  866.74  0.00 32.41 32.41 834.32 
2027 147.98  28.89  569.94  58.49  116.89  922.19  0.00 16.28 16.28 905.92 
2028 159.10  30.08  603.08  63.42  125.01  980.70  0.00 24.30 24.30 956.40 
2029 170.84  31.34  639.02  67.60  132.57  1041.38  0.00 21.81 21.81 1019.57 
2030 183.24  32.65  678.93  72.07  139.90  1106.79  0.00 16.80 16.80 1089.99 
2031 196.32  34.03  714.93  76.85  147.67  1169.80  0.00 36.84 36.84 1132.96 
2032 210.02  35.48  752.10  81.96  155.90  1235.46  0.00 24.80 24.80 1210.66 
2033 224.47  37.01  791.66  87.42  164.63  1305.19  0.00 31.87 31.87 1273.32 
2034 239.55  38.60  833.63  92.81  173.45  1378.05  0.00 22.79 22.79 1355.26 
2035 255.42  40.28  878.16  99.22  183.55  1456.63  0.00 45.64 45.64 1410.98 
       
Net present value    2,804.01    1,615.86 1,188.15 
Economic internal rate of return (%)      18.31 
 ( ) = negative.  
Source: Asian Development Bank estimates. 
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D.  Distribution Analysis 
 
11. A distribution analysis has been carried out for the project, based on the above results 
and the financial analysis. At a 12% economic discount rate applied to the costs and benefits 
streams in both analyses, the NPV of the economic net benefits of the project to the economy 
as a whole is CNY1,188.2 million. The biggest beneficiary will be users, whose gain in NPV is 
CNY2,763.8 million. The economic analysis reflects benefits in the forms of reduced vehicle 
travel time, operating costs, avoided accidents, and reduced waterborne disease mortality that 
are not reflected in the financial analysis. The economic benefits of the project accrued to 
government and labor are CNY394.7 million and CNY70.2 million, respectively (Table 4). 
 

Table 4: Distribution Analysis  
(CNY million) 

 
Distribution of Project 
Benefits 

Accounts 

Difference 

Distribution of Project Effects  
Financial 
Accounts 

Economic 
Accounts Users 

Government 
and Economy 

Labor and 
Consumers 

Benefits 40.18 2,804.01 2,763.83 2,763.83   
Costs       

Investment costs 1,599.51 1,274.47 (325.04)    325.04  
Labor 318.90 248.74 (70.16)   70.16 
Taxes 68.42  (68.42)      68.42  
O&M costs 93.88 92.65 (1.22)        1.22  
Total costs 2,080.70 1,615.86 (464.84)    

Net benefits (2,040.52) 1,188.15  3,228.67  2,763.83     394.69  70.16  
( ) = negative, O&M = operation and maintenance. 
Source: Asian Development Bank estimates. 
 




