
Yunnan Integrated Road Network Development Project (RRP PRC 40626) 

ECONOMIC ANALYSIS 
 
1. This linked document presents the summary economic analysis for the Longling–Ruili 
corridor road output and the local road network output. The analysis is based on observed traffic 
volumes and forecasts, vehicle operating costs (VOCs), time savings for road users, reduced 
accident costs, emissions reductions, and economic costs of the projects. The economic analysis 
is based on the difference in the cost and benefit streams estimated between a “with-project” case 
and a “without-project” case.  
 
A. Longling–Ruili Corridor Output 
 
2. Economic prices and costs. The economic evaluation was undertaken using 
January 2010 prices. A shadow exchange rate factor of 1.013 has been used to convert border 
prices to domestic economic prices. All other cost items have been valued at domestic prices less 
taxes and financing charges with the exception of unskilled labor, which has been valued at a 
shadow wage rate of 0.67 (i.e., 67% of the estimated wage rate on the project). This is low, but is 
intended to reflect the low productivity of unskilled labor drawn specifically from poverty areas 
through a poverty-alleviation feature of the project’s design and management. The economic 
opportunity cost of capital is used as the social discount rate for the economic evaluation, which is 
12%.  
 
3. G320, a highway parallel to the Longling–Ruili Expressway (LRE), will have the same 
maintenance expenditure for routine and periodic maintenance in the with-project and without-
project cases. The unit rate for routine maintenance for national highways in Yunnan is about 
CNY20,000 per kilometer (km). A 9-year program of periodic maintenance was applied in both 
cases. The unit rate for periodic maintenance is about CNY550,000 per km for class II highway. 
 
4. Economic benefits. The proposed new LRE and its extension will be 158 km in length 
versus 175 km for the current highway G320, offering a more direct, high-speed, and high-capacity 
alternative to the existing national highway. It is expected to result in significant cost and time 
savings to traffic that otherwise would use the existing road. These savings would also attract 
additional traffic—generated traffic—which is currently suppressed by the relatively high costs of 
transport over the G320. The benefits of generated traffic are estimated at half the VOC and time 
savings of normal traffic as a proxy for willingness to pay. 
 
5. The study used highway development model (HDM)-4 to model speed flow relationships on 
area roads to generate travel time savings and savings in VOCs. HDM-4 incorporates a roadside 
friction parameter to capture the effects on speeds of roadside stalls, bus stops, parked vehicles, 
access points, and other activities near the roadside. This is a speed adjustment factor where 1 
implies that there is no friction while a value of, for example, 0.9 implies that the desired speeds 
are reduced to 90% of free-flow speeds. Similarly, the effects of nonmotorized traffic such as 
pedestrians, bicycles, and animal-drawn vehicles, are represented by a nonmotorized traffic factor. 
The two factors are cumulative. These friction effects are important in Yunnan Province because of 
the prevalence of the high density of population, tractors, and animal-drawn vehicles, and the 
intensive roadside development in some sections. No friction effects were assumed for 
expressways, but for other roads, side friction values of 0.6–0.9 and a nonmotorized friction value 
of 0.8 were used. 
 
6. VOCs have been estimated for all types of vehicles likely to use the corridor. They are then 
entered into HDM-4 where they are used to estimate vehicle operating cost savings caused by the 
project based on the traffic levels and vehicle types specified in the traffic forecast. The basic cost 
assumptions for each vehicle type are in Table 1. 
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Table 1: Vehicle Fleet Cost Characteristics 
Item Car Medium 

Bus 
Light 
Truck 

Medium 
Truck 

Heavy 
Truck 

Truck-
Trailer 

Economic costs (CNY):       
New vehicle (per vehicle) 100,000 400,000 68,000 155,000 360,000 600,000 
New tire (per tire) 510 1,800 289 1,750 2,025 2,025 
Fuel (per liter) 6.38 6.2 6.2 6.2 6.2 6.2 
Lubricating oil (per liter) 24 24 24 24 24 24 
Maintenance labor (per hour) 9.1 9.1 9.4 9.4 9.4 9.4 
Crew cost (per hour) 0 9 6.5 9.5 10.9 20 
Interest (%) 5.94 5.94 5.94 5.94 5.94 5.94 
Cargo delay (per hour)   0.5 0.5 0.5 0.5 
Utilization and loading:       
Passengers 3.5 30     
Operating weight (tons) 1.2 6 2 7.5 13 28 
Annual kilometers driven 15,000 100,000 60,000 70,000 80,000 80,000 
Annual hours driven 550 2,730 2,190 2,920 2,920 2,920 
Service life (years) 10 12 8 8 6 6 
Source: PPTA consultants. 
 
7. The VOC per km for vehicle types varies from year to year according to changes in road 
surface conditions and traffic levels calculated inside the HDM-4. Table 2 shows common average 
speeds and VOCs per km for each vehicle type using typical surface conditions and traffic volumes.  
 

Table 2: Typical Vehicle Operating Costs 
Two-Lane Highway Expressway Vehicle Type 

Speed (km/h) VOC (CNY/km) Speed (km/h) VOC (CNY/km) 
Car 37.9 1.55 85.7 1.43 
Medium bus 32.8 2.85 70.8 2.51 
Light truck 34.8 1.96 65.9 1.62 
Medium truck 33.2 3.04 61.4 2.44 
Heavy truck 31.9 3.11 58.2 2.72 
Truck-trailer 29.4 3.91 55.1 3.35 

h = hour, km = kilometer, VOC = vehicle operating cost. 
Source: Highway Development Model-4 example output. 
 
8. Accidents. Accident cost savings are partly based on an analysis of national accident 
statistics for 2008, which were used to establish the accident rate on the expressway and part of 
the accident data for existing roads. The average accident rate is 0.2–0.5 per 1 million vehicle-km 
on the expressway and 1.0–1.2 per 1 million vehicle-km for the national highway. The economic 
costs of accidents are estimated in terms of direct life and property damage, and forgone income. 
The average unit cost of accidents is CNY115,000 on the expressways and CNY90,000 on the 
national highway.  
 
9. Time savings. Travel time savings (Table 3) are obtained when road improvements lead to 
an increase in vehicle speeds and shorter travel distances for given trips, thus reducing the journey 
times of passengers and the transit time of freight. For work time, the initial value of time is based 
on average income in Yunnan of about CNY13,000 per year in 2008, which implies an hourly value 
of CNY6.5 per hour. Nonwork time is valued at 25% of work time and both values increase at 3% 
per year.  
 

Table 3: Value of Travel Time Savings, 2016 

Vehicle Value of work 
time (CNY/hr) 

Value of 
nonwork time 

(CNY/hr) 

Loading 
(Person/veh) 

% work trips 
(%) 

Factor of work 
time utilization 

Time value 
(CNY/veh/hr) 

Car 8.23 2.06 2.80 50% 0.5 10.09 
Bus 3.50 0.88 16.00 50% 0.5 24.50 

ADB = Asian Development Bank, hr = hour, veh = vehicle. 
Sources: ADB calculates based on methodology in study of prioritization of highway investments and improving 
feasibility study methodologies, and Rust PPK, Australia 
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10. Economic analysis of the expressway output. The estimated economic internal rate of 
return (EIRR) of the project (Table 4) is 15%, above the accepted 12% threshold. It has a net 
present value (NPV), using the 12% discount rate, of CNY 2,620 million in 2010 economic prices. 
Of the total benefits, 63% comprise savings in VOCs, 27% are savings in user time costs, 5% are 
generated traffic benefits, 5% are accident cost savings, and 1% are carbon dioxide (CO2) 
emission savings. 
 

Table 4: Economic Internal Rate of Return (CNY million) 
 Costs  Benefits 
      Generated  Total Net 
Year Capital O&M  VOC Time Accident Traffic CO2 Benefits Benefit 
2011 1,136.7 0.0  0.0 0.0 0.0 0.0 0.0 0.0 (1,136.7) 
2012 1,958.9 0.0  0.0 0.0 0.0 0.0 0.0 0.0 (1,958.9) 
2013 2,400.4 0.0  0.0 0.0 0.0 0.0 0.0 0.0 (2,400.4) 
2014 2,409.0 0.0  0.0 0.0 0.0 0.0 0.0 0.0 (2,409.0) 
2015 1,347.3 0.0  0.0 0.0 0.0 0.0 0.0 0.0 (1,347.3) 
2016 0.0 21.2  321.0 138.3 63.5 53.4 5.2 581.5 560.3 
2017 0.0 22.1  484.1 205.9 68.6 59.3 7.0 825.0 802.9 
2018 0.0 22.1  700.5 281.5 80.9 65.9 9.3 1,138.1 1,116.0 
2019 0.0 23.1  820.9 336.4 85.5 73.0 10.5 1,326.2 1,303.2 
2020 0.0 23.1  930.4 380.6 89.5 80.8 11.3 1,492.6 1,469.6 
2021 0.0 24.0  1,054.5 430.7 93.6 89.5 12.3 1,680.5 1,656.5 
2022 0.0 24.0  1,195.2 487.3 98.0 99.0 13.3 1,892.8 1,868.7 
2023 0.0 25.0  1,354.6 551.4 102.6 109.6 14.4 2,132.5 2,107.5 
2024 0.0 25.5  1,535.3 623.9 107.3 121.3 15.6 2,403.4 2,377.9 
2025 0.0 226.0  1,740.1 705.9 112.3 134.3 16.8 2,709.5 2,483.5 
2026 0.0 26.0  1,972.2 798.8 117.6 148.6 18.2 3,055.4 3,029.4 
2027 0.0 26.9  2,158.8 887.5 123.9 161.9 19.3 3,351.5 3,324.5 
2028 0.0 27.9  2,363.1 986.1 130.7 176.4 20.4 3,676.7 3,648.8 
2029 0.0 27.9  2,586.7 1,095.7 137.7 192.2 21.5 4,033.9 4,006.0 
2030 0.0 28.9  2,831.5 1,217.4 145.2 209.4 22.7 4,426.3 4,397.4 
2031 0.0 28.9  3,099.4 1,352.7 153.1 228.2 24.0 4,857.4 4,828.5 
2032 0.0 29.8  3,392.7 1,503.0 161.4 248.6 25.4 5,331.1 5,301.2 
2033 0.0 30.1  3,713.8 1,670.0 170.1 270.9 26.8 5,851.5 5,821.4 
2034 0.0 30.8  4,065.2 1,855.5 179.3 295.2 28.3 6,423.5 6,392.7 
2035 (4,626.2) 269.3  4,449.9 2,061.6 189.0 321.6 29.9 7,052.1 11,409.0 
         EIRR 15.03% 
         NPV 2,620.2 

... = not available, ( ) = negative, CO2 = carbon dioxide, EIRR = economic internal rate of return, NPV = net present 
value, O&M = operation and maintenance, VOC = vehicle operating cost. 
Source: Asian Development Bank estimates. 
 
11. Sensitivity analysis. A range of sensitivity tests (Table 5) have been carried out for the 
project to identify changes to the EIRR and the NPV. These tests demonstrate that the proposed 
expressway is economically robust over a range of sensitivity tests. The sensitivity tests and 
switching values show that feasibility is relatively insensitive to any of the standard tests. The 
switching value for investment cost increases is 41.5%, and for VOC and time saving benefit 
decreases, 28.8%. The sensitivity tests indicate that there would be sufficient benefits to yield an 
EIRR of 14.3% and justify the upgrading even if the expressway generated 10% fewer benefits and 
costs increased 10%. 
 

Table 5: Sensitivity Analysis 
Item EIRR 

(%) 
NPV 

(CNY million) Sensitivity Indicator Switching Valuea  

(%) 
Base case 15.0 2,620.2   
Benefits decreased by 10% 14.1 1,711.9 3.5 28.8 
O&M costs increased by 10% 15.0 2,604.8 0.1 1,701.4 
Capital cost increased by 10% 14.2 1,989.3 2.4 41.5 
Combination 2, 3, and 4 13.2 1,065.7 5.9 16.9 
Construction delay of 1 year 14.3 1,634.5 NPV declines by 38%  
Combinations 2, 3, 4, and 6 12.5 364.8 NPV declines by 86%  

EIRR = economic internal rate of return, NPV = net present value, O&M = operation and maintenance. 
a  Switching value indicates the percentage increase in a cost item (or decline in a benefit item) required for the 

NPV to become zero. 
Source: Asian Development Bank estimates. 
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B. Local Road Network Output 
 
12. The procedures used to evaluate the economic feasibility of the local road network output 
are the same as the procedures for evaluating the expressway. Candidate projects were selected 
from the maintenance backlog by Yunnan Provincial Highway Bureau (YPHB) and evaluated by 
the project preparatory technical assistance consultant. Average road conditions in the with-project 
and without-project cases were derived from the existing database that YPHB maintains on road 
conditions. For the rehabilitation and maintenance output, the without-project case means that 
YPHB will be unable to finance rehabilitation in the near future. The roads will continue to 
deteriorate until major maintenance is conducted to bring the roads back to their current (poor) 
condition. The with-project case means that rehabilitation will be conducted now with continuing 
routine maintenance in future. The rehabilitation will bring the roads up to “good” condition, and 
routine and periodic maintenance will be conducted to preserve their condition. The maintenance 
costs for the province will be the same in both cases since any savings will be allocated to the 
backlog of maintenance in the rest of the province.  
 
13. Project costs. The economic cost for the rehabilitation and maintenance output is 
CNY645.59 million, implying an average economic conversion factor of 0.96. Economic costs were 
derived from financial costs by (i) excluding taxes and duties; (ii) converting the cost of imported 
items to domestic prices using the shadow exchange rate factor of 1.013; and (iii) converting 
unskilled labor costs using the shadow wage rate of 0.67. 
 
14. Economic benefits. The economic analysis of the rehabilitation and maintenance output is 
driven primarily by the performance characteristics of equivalent roads in different condition 
combined with the traffic forecasts. A lower international roughness index means cars can travel 
faster with less speed cycling and less friction, leading to large VOC savings and travel time 
savings because of the particularly poor condition of many of the project roads. Values of time are 
derived in the same manner as for the expressway. Accident costs were not addressed in this 
output because there is no available data on the accident rates of equivalent class roads under 
different pavement conditions. Emissions savings were calculated based on the fuel savings and 
the associated CO2 content of fuel and valued based on the spot price of carbon emission rights of 
$11.50 per ton.  
 
15. The project was evaluated over a 10-year period because the economic lifespan of the 
rehabilitation and maintenance works are about 10 years. The estimated EIRR of the project is 
52.2%, well above the accepted 12% per annum threshold. It has an NPV, using the 12% per 
annum discount rate, of CNY2,447 million in 2010 economic prices. VOC savings were 56.9% of 
the total benefits, 42.2% of the benefits were user time cost savings, and 0.9% were CO2 emission 
savings.  
 
16. The calculated EIRR for this project is extremely high. This makes sense because of the 
poor conditions of many area roads that will be rehabilitated. Many of these roads have no 
remaining pavement and operate more like earthen roads over several stretches. These roads also 
have reasonably high levels of traffic and the cost to rehabilitate an existing road is far below the 
cost of a new road. These factors combine to produce a very high return on investments.  
 
17. Sensitivity analysis. A range of sensitivity tests have been carried out for the output to 
identify changes to the EIRR and NPV. These tests demonstrate that the proposed maintenance 
highways are economically robust over a range of sensitivity tests. Only when the most adverse 
scenario is tested—investment and cost increased by 20% and benefit reduced by 20%, and all 
other potential benefits and construction delayed by 1 year—does the EIRR drop to 33.9%. The 
sensitivity tests and switching values show that feasibility is relatively insensitive to any of the 
standard tests. The switching value for investment cost increases is 66.1%, and for benefit 
decreases, 55.5%.  
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18. A distribution analysis was conducted to determine the project effects for various 
beneficiaries, including road users, labor, and government. Road users will receive the largest 
share of net benefit, accounting for 89% (54% for passenger traffic and 35% for freight traffic) of 
the total net benefits. 
 
19. Greenhouse Gas quantitative analysis. The increasing number of vehicles has raised 
concerns about vehicle emissions, air pollution, and climate change impacts. The People’s 
Republic of China has taken several steps to control emissions—imposing regulations on the 
automobile industry, requiring an annual vehicle test, and drafting a vehicle inspection and 
maintenance program. The new measures also set emission and fuel efficiency targets and tighter 
deadlines for manufacturers to meet the increasingly stringent euro standards, and offer tax 
incentives for manufacturers of more environment-friendly cars. Yunnan has vehicle emission 
standards, and Yunnan Environmental Protection Bureau regularly tests all types of vehicles. The 
project will have positive impacts on air pollution, as emissions per vehicle-km from vehicles along 
the project roads are expected to be lower because of better traffic flows resulting from improved 
road conditions and shorter distances for many of the trips. 
 
20. The difference in CO2 emissions between the with-project and without-project cases is 
estimated with vehicle operating data applied to the future traffic volumes and trip distribution. 
Vehicle emissions changes with the project are caused by 

(i) reduced length of the road distance from Longling to Ruili, which means less fuel 
consumed per trip compared to the longer distances for the same trips on highway 
G320; 

(ii) improved alignment (fewer bends and less slopes) along the new expressway in this 
corridor, which reduces fuel consumption per vehicle-km by using the expressway 
compared to the same trip on the existing highway G320; 

(iii) improved pavement surface on the expressway (lower international roughness 
index), reducing friction and therefore fuel consumption per unit of distance; 

(iv) improved driving conditions (higher and more even average speed and less 
damaged road surface) along the existing G320 highway as a result of less traffic, 
congestion and fewer heavy vehicles (much traffic is diverted to the expressway); 
and 

(v) improved maintenance of the selected local roads, resulting in higher average 
speeds and more even and comfortable driving conditions because of improved 
traffic carrying capacity when poor condition road sections are improved. 

 
21. The CO2 emission changes for the new Longling–Ruili Highway Corridor output are 
estimated by means of the HDM-4 software. It calculates the net fuel savings, i.e., the reduced fuel 
consumption for the projected normal traffic minus the total fuel consumption for projected 
generated traffic over the project period. This was done by “normalizing” the base case (i.e., the 
without-project case) and calculating the fuel consumption and associated CO2 emissions 
increments relative to this “normalized” baseline. CO2 emissions from the construction-related 
transport have not been included. The estimated net traffic-related CO2 emission effect over the 
project period with the expressway is a reduction of 5.2 million tons. 
 
22. Regarding the 605 km local road network output of the project, CO2 emission reductions 
resulting from the improved maintenance were calculated in the same way as for the Longling–
Ruili Highway Corridor output, and are estimated to be 1.4 million tons. This shows that in terms of 
CO2 reductions per yuan spent, local highway maintenance is a very cost-effective climate change 
mitigation instrument. 


