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Vinh Thanh Road Subproject, Binh Dinh Province  
Provincial Road 637 Two Sections of 30 and 2.4 Kilometer 

 
ECONOMIC ASSESSMENT 

 
1. The subproject output will be the combination of two improved sections of Provincial Road 
637: one section starts in Vinh Son commune and continues for 30 kilometers (km); the other 
section runs from the edge of Vin Thanh town, the district capital, a location 13.7 km above the 
junction of PR 637 and National Highway 19, through Vin Quang commune, to a location 11.3  
km above the same junction. The total length of PR 637 between Vinh Son and Vinh Quang is 
49.8 km. Between the Subproject 30 km and 2.4 km road sections lies a 17.4 km section of PR637 
which, running from the end of the 30 km section, skirts the Binh Ghi Reservoir and hydropower 
station before passing through Vin Thanh town.  
 
2. For processing into wood chips, acacia wood grown in Vinh Thanh district is carried on 
PR 637 to Ta Suc industrial zone, which is located in Vinh Quang and is accessed through the 
2.4 km section. The 30 km section runs through the district’s main cultivation area for acacia. The 
same forestry product is also grown in the 17.4 km section. But with its scenic view overlooking 
the reservoir, in the future tourism is likely to replace the activities associated with forestry. From 
that point in time acacia cultivation is expected to become concentrated in the area around the 30 
km section. Owing to poor condition of the road surface along the 30 km section, acacia peeled 
logs are shipped to Ta Suc in medium-sized trucks, when in other circumstances the logs would 
move on heavy trucks, which have 2.5-3 times the payload capacity. In this way the cultivators 
are being denied the transport economies of scale that are often a critical success factor for 
producers of low-valued commodities. Meanwhile, the 2.4 km road section also carries substantial 
passenger traffic, which means, given the extra trucks required to carry the acacia from the 30 
km section to Ta Suc, the existing 2.4 km section traffic capacity is placed under severe strain. 
 
3. In the without-project scenario, with steadily rising traffic based on expected income 
growth, and no significant investment in additional road capacity, traffic speed on both road 
sections declines. On the 2.4 km section, busy hours on the roads start earlier and end later in 
the day, in sign of road users applying a coping strategy in the situation they face. On the 30 km 
section the acacia traffic is confined to medium-sized trucks. In the with-project scenario, with 
traffic capacity increased and road surface improved, the 30 km section can support freight 
vehicles of high load capacity at satisfactory speed up to 2033, when continuing traffic growth 
would require further increase in road traffic capacity to maintain acceptable level of service and 
speed. As for the 2.4 km section, its road traffic capacity increased, and bridges rebuilt to higher 
load bearing limits and traffic capacity, a level of service at free flowing or reasonably free flowing 
speeds is maintained through to 2043.   
 
4. The subproject economic assessment was carried out in 2019 constant prices, using the 
world price numeraire. Investment, administration and maintenance, and benefits were 
distinguished into tradable and non-tradable components, and a standard conversion factor (SCF) 
of 0.95 was applied to non-tradable items2; a shadow wage rate factor (SWRF) of 0.95 was 
assumed for labor cost components.3 Tax and interest are excluded from economic costs and 

 
2  The SCF of 0.95 was confirmed as current for Viet Nam by reference to VN_e WTO 2017 tariff.pdf and VN_e 2017 

WTO trade stat.pdf, downloaded on 7 May 2019 at https://www.wto.org/english/thewto_e/countries_e/vietnam_e.htm 
3  See linked document to ADB. 2017. GMS Highway Expansion Phase 2 Project: Report and Recommendation of the 

President. Manila.  

https://www.wto.org/english/thewto_e/countries_e/vietnam_e.htm
https://www.adb.org/sites/default/files/linked-documents/41682-039-efa.pdf
https://www.adb.org/sites/default/files/linked-documents/41682-039-efa.pdf
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benefits. The assessment period comprises the subproject implementation period plus a 20-year 
benefit period.  
 
A. Traffic Demand Forecast 
 
5. A forecast of the subproject traffic by vehicle classification was prepared using: (i) the 
TRTA consultant’s April 2019 traffic counts on road section 2.4, supplemented by information 
gathered during a June 2019 field trip to the 30 km road section area; and (ii) an assumed 7% per 
annum annual regional GDP growth rate, together with an income elasticity of transport demand 
of 0.67.4 In particular, the information from the June 2019 field trip was consulted in deriving the 
30 km section without-project forecast traffic. This was done by applying the following estimated 
traffic share by vehicle classification to the 2.4 km section without-project traffic forecasts: 
motorcycle 20%; car 10%; small or medium bus 20%; small truck 2%; medium truck 78% applied 
to the small or medium truck total; heavy bus, heavy truck or truck trailer 0%. For the with-project 
scenario forecast of the 30 km section traffic, it was assumed, as the only difference vis-a-vis the 
without-project scenario, that all the medium truck traffic in the without-project scenario becomes 
consolidated into heavy trucks. A summary of the traffic forecast by WO and W scenarios is shown 
in Table 1. 
 

Table 1: Traffic Demand Forecast 
(Daily Vehicles) 

Year 
Motor-
cycle Car 

Small, 
Medium 

Bus 
Heavy 
Bus 

Small, 
Medium 
Truck 

Heavy 
Truck 

Truck 
and 

Trailer 
Total 
AADT 

AADT 
except 
motor-
cycle 

ACGR 
(%) 

Without Project: Provincial Road 637 2.4-kilometer section     
2019 2,056 201 40 22 309 27 1 2,656 600  
2023 2,214 231 46 25 355 31 1 2,903 688 3.5  
2033 2,507 365 73 40 561 49 2 3,596 1,089 4.7  
2043 2,570 577 115 63 887 77 3 4,292 1,722 4.7  

Without Project: Provincial Road 637 30-kilometer section     
2019 411 20 8 0 247 0 0 687 275  
2023 443 23 9 0 284 0 0 759 316 3.5  
2033 501 36 15 0 449 0 0 1,001 500 4.7  
2043 514 58 23 0 709 0 0 1,304 790 4.7  

With Project: Provincial Road 637 2.4-kilometer section      
2023 2,214 231 46 25 78 132 1 2,727 512  
2033 2,507 365 73 40 123 208 2 3,317 810 4.7  
2043 2,570 577 115 63 195 329 3 3,852 1,282 4.7  

With Project: Provincial Road 637 30-kilometer section      
2023 443 23 9 0 7 101 0 583 140  
2033 501 36 15 0 11 159 0 723 221 4.7  
2043 514 58 23 0 18 252 0 864 350 4.7  

AADT = annual average daily traffic; ACGR = annually compounded growth rate. 
Source: TRTA Consultant. 
 
6. Field information from the 30 km section indicates that acacia log carriers spend time 
awaiting freight load readiness at loading points along the road section. Assuming uniform 

 
4  Goodwin, J. Dargay, and M. Hanly. 2004. Elasticities of Road Traffic and Fuel Consumption with Respect to Price 

and Income: A Review. Transport Reviews, 24:3, pp. 275–292. 
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distribution of the acacia planting and therefore the loading points, this suggests that the average 
medium truck is making trips of about 15 km in the 30 km section. 
 
B. Cost 
 
7. The subproject costs consist of economic costs of road construction, land acquisition and 
resettlement, periodic and routine maintenance, and consulting services, and include a 16% 
physical contingency.   
 
C. Benefit  
 
8. Vehicle operating cost. The effects on vehicle operating cost of traffic demand on road 
capacity in the WO and W scenarios were quantified using a function relating speed to road traffic 
volume-to-capacity ratio. The function was estimated using the United States Federal Highway 
Administration definition of 5 road levels of service (denoted A to F), and calculates traffic speed 
as a fraction of design maximum speed using the ratio of traffic volume to traffic flow capacity per 
hour (V/C ratio).5 For this purpose, the traffic volume is measured in traffic flow unit (tfu), where a 
heavy passenger or freight vehicle counts as 2 tfu, a motorcycle 0 tfu and any other type of vehicle 
1 tfu. The results are summarized in Table 2. The annual average road traffic speed so obtained 
for the WO or W scenario is input into a unit VOC estimating tool, which is in use at an international 
transport department.6     
 

Table 2: Forecast Traffic Volume-Capacity Ratio and Traffic Speed 
Year Daily TFUs V/C Ratio LOS Speed in km/hour 
  WO W WO W WO W WO W 
Provincial Road 637 2.4-kilometer Section       
2019 650 n.a.        1.30  n.a. F n.a. 15 n.a. 
2023 746 670        1.49          0.22  F A 15 40 
2033 1,179 1,060        2.36          0.35  F B  10 37 
2043 1,865 1,677        3.73          0.56  F B  10 29 
Provincial Road 637 30-kilometer Section       
2019 275 n.a.        0.76  n.a. D n.a. 15 n.a. 
2023 316 240        0.88          0.48   D   B   15 24 
2033 500 380        1.39          0.76   F   D  10 16 
2043 790 601        2.19          1.20   F   F  10 10 

LOS = level of service; n,a, = not applicable; TFU = traffic flow unit; V/C = volume-to-capacity; W = with-project; WO = 
without project. 
Source: TRTA consultant 
 
9. For the estimated unit VOC, an economic fuel price was assumed based on an average 
price of $70 per barrel of crude oil held constant throughout the assessment period. The VOC tool 
gives unit VOCs by vehicle speed for two basic vehicle types: (i) car or delivery van (small truck), 
and (ii) heavy truck. Unit VOCs for a more detailed vehicle classification were derived from the 
basic model by assigning relative weights (i) to the car VOC, for small truck and small bus; and 
(ii) to the heavy truck VOC, for high-capacity vehicles (i.e., all buses and trucks except the small 
bus and the delivery van or small truck). An example of estimated unit VOC by vehicle type for  
the Subproject opening year 2023 is given in Table 3.  

 
5  United States Federal Highway Administration. 1999. Highway Capacity Manual. 
6  Booz Allen Hamilton, Hagler Bailly, and Parsons Brinkerhoff. 1999. California Life-Cycle Benefit/Cost Analysis Model 

(Cal B/C): Technical Supplement to User’s Guide. http://www.dot.ca.gov/hq/tpp/offices/eab/benefitfiles/ 
techsupp.pdf. Table 3-3. 

http://www.dot.ca.gov/hq/tpp/offices/eab/benefitfiles/%20techsupp.pdf
http://www.dot.ca.gov/hq/tpp/offices/eab/benefitfiles/%20techsupp.pdf
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Table 3: Sample Vehicle Operating Cost Per Kilometer 
($) 

Itema Car 
Small 
Bus 

Medium 
Bus 

Heavy 
Bus 

Small 
Truck 

Medium 
Truck 

Heavy 
Truck 

Trailer 
Truck  

Weightb 1.00 1.20 0.47 0.98 1.00 0.65 1.00 1.32 
WO PR 637 - 2.4 km 0.340 0.408 nil 0.531 0.340 0.352 0.542 0.715 
W PR 637 - 2.4 km 0.225 0.270 nil 0.386 0.225 0.256 0.394 0.520 
WO PR 637 - 30 km 0.340 0.408 nil nil nil 0.352 nil nil 
W PR 637 - 30 km 0.293 0.351 nil nil nil 0.308 0.474 nil 

Km = kilometer; PR = Provincial Road; W = with project; WO = without project. 
a   Nil means “no traffic” in the vehicle category. 
b   The weight for small bus or truck is applied to the car VOC; for other vehicle types the weight is applied to the heavy 

tuck VOC.  
Source: TRTA consultant. 
 
10. Time cost. Vehicle hours traveled are derived from kilometers traveled and average daily 
traffic speed. The value of time per person hour traveled (VOT) was estimated by making a 
distinction between work time and non-work time travel, with non-work counted as 0.25 of work 
VOT, at an hourly economic rate after applying the SCF and SWRF of $0.33 per car passenger, 
$0.19 per bus passenger, and $0.77 per truck driver. Table 4 gives as a sample the daily time 
cost in the with- and without-project scenarios for the subproject opening year 2023 by road 
section. In addition to vehicle operating cost saving, it is clear from the table that, by consolidating 
medium truck loads into heavy trucks in the 30 km section, very substantial with-project savings 
are made in the total daily cost of freight vehicle drivers time, which is reckoned at full work-time 
rate. 

Table 4: Sample Daily Time Cost 
($) 

Item Car 
Small 
Bus 

Medium 
Bus 

Heavy 
Bus 

Small 
Truck 

Medium 
Truck 

Heavy 
Truck 

Trailer 
Truck  Total 

Occupancy (persons) 2.3 8 15 18 1 1 1 1 n.a. 
VOT($/person hour) 0.33 0.19 0.19 0.19 0.77 0.77 0.77 0.77 n.a. 
Daily time cost ($)          
WO PR 637 - 2.4 km 68 27 0 33 16 89 9 0 243 
W PR 637 - 2.4 km 26 10 0 13 6 9 15 0 77 
WO PR 637 - 30 km 284 226 0 0 0 3,486 0 0 3,996 
W PR 637 - 30 km 178 141 0 0 0 54 772 0 1,146 

Km = kilometer; n.a. = not applicable; PR = Provincial Road; VOT = value of time; W = with project; WO = without 
project. 
Source: TRTA consultant. 
 
11. Carbon dioxide emissions. Assessment of the WO and W scenario traffic carbon dioxide 
(CO2) emissions was made using the VOC estimating tool (Paragraph 8), which also includes a 
function relating vehicle fuel consumption in liters to vehicle speed for two basic vehicle types – 
the car and the heavy truck, and for gasoline and diesel as fuel types. It was assumed that the 
car operates on gasoline and the bus and truck on diesel. ADB’s guidance mobile combustion 
CO2 emission factors of 2.70 kilogram per liter for diesel fuel and 2.32 kilogram for gasoline were 
applied to the fuel consumption output data to estimate the carbon emissions in kilograms.7 
Valuation of the CO2 emissions was made at the ADB estimated social cost of CO2 of $36.3 per 
ton, escalated at 2% per annum in constant 2016 dollars. The comparative CO2 effects in the WO 

 
7  ADB. 2016. Guidelines for Estimating GHG Emissions for ADB Projects: Additional guidance for transport projects.  

Appendix 1. Mobile Combustion Emission Factors. Manila.    
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and W scenario are summarized in Table 5. The small expected annual CO2 saving was not 
included in the subproject estimated economic returns.  
 

Table 5: Annual Vehicle Carbon Dioxide Emissions 
Item 2023 2028 2033 2038 2043 
Without-project CO2 emissions (ton) 1,921 2,415 3,438 4,323 5,437 
With-project CO2 emissions (ton) 1,225 1,600 2,264 3,020 3,797 
Incremental CO2 emissions (ton) (696) (815) (1,174) (1,304) (1,639) 
Incremental CO2 emission cost ($) (29,004) (37,532) (59,664) (73,158) (101,575) 

CO2 = carbon dioxide. 
Source: TRTA consultant 
 
12. With insufficient data, it was not possible to make a reasonable estimate of the incremental 
vehicle CO2 emissions caused by reduced traffic speed, or road users’ coping strategies such as 
making detours, during project construction.8   
 
D. Assessment Results 
 
13. Project economic viability. The subproject economic internal rate of return (EIRR) is 
12.5% and the net present value at the 9% discount rate is $4.59 million, indicating project 
economic viability. This result incorporates an annual provision for construction-period increase 
in road user cost (time and vehicle operating cost) at 25 per cent of the opening year (2023) total 
benefit. Details for the construction period, and for the years 2023,2028,2033,2038 and 2043 
appear in Table 6.9    
 

Table 6: Analysis of Subproject Economic Returns 
($ million) 

Year  Costs Total  Benefits Total  Net Benefit 

  Capital 
Recurrent 

and Periodic  Cost 
VOC 

Saved 

Time 
Cost 

Saved  Benefit Stream 
2019  0.000  0.000  0.000  0.000  0.000  0.000  0.000  
2020  4.796  0.000  4.796  (0.094) (0.275) (0.369) (5.165) 
2021  5.996  0.000  5.996  (0.094) (0.275) (0.369) (6.364) 
2022  1.199  0.000  1.199  (0.094) (0.275) (0.369) (1.568) 
2023  0.000  0.056  0.056  0.374  1.101  1.475  1.418  
2028 0.000  0.056  0.056  0.445  1.279  1.723  1.667  
2033 0.000  0.050  0.050  0.626  2.629  3.256  3.206  
2038 0.000  0.050  0.050  0.640  2.614  3.254  3.205  
2043 0.000  0.050  0.050  0.655  2.599  3.253  3.204  

      EIRR 12.5% 
            NPV (9%) 4.59  

EIRR = economic internal rate of return; NVP = net present value; VOC = vehicle operating cost. 
Source: TRTA consultant. 
 

 
8  However, something may be gleaned from a sensitivity-type analysis, aimed at answering a question such as the 

following.  Suppose the incremental CO2 amounts to 1.5 times the year 2023 WO carbon emissions for each year of 
the construction period (2020-2022); how many years of with-project carbon savings would it take to wipe out the 
deficit? The answer is 10 years.  

9  See Supplementary Appendix for the full table. 
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14. Sensitivity analysis. If benefit is reduced by 20% the EIRR falls to 10.1%; the benefit 
switching value is -27.8%. With cost increased by 20% the EIRR falls to 10.7%; the cost switching 
value is 42.7%. If benefit falls by 15% and cost increases by 15% at the same time, the EIRR 
becomes 9.4%. These sensitivity measures indicate that the subproject economic viability is 
robust. A table showing the sensitivity analysis results is included in the Supplementary Appendix. 
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SUPPLEMENTARY APPENDIX 
 

Table S1: PR 637 2.4 km and 30 km Sections Subproject: Calculation of Economic 
Returns 
($ million) 

Year  Costs Total  Benefits Total  Net Benefit 

  
Capital Recurrent and 

Periodic  
Cost VOC  

Saved 
Time Cost 

Saved  
Benefit Stream 

2019 0.00  0.00  0.00  0.00  0.00  0.00  0.00  
2020 4.80  0.00  4.80  (0.09) (0.28) (0.37) (5.17) 
2021 6.00  0.00  6.00  (0.09) (0.28) (0.37) (6.36) 
2022 1.20  0.00  1.20  (0.09) (0.28) (0.37) (1.57) 
2023 0.00  0.06  0.06  0.37  1.10  1.47  1.42  
2024 0.00  0.06  0.06  0.39  1.13  1.52  1.47  
2025 0.00  0.06  0.06  0.40  1.17  1.57  1.51  
2026 0.00  0.06  0.06  0.41  1.20  1.62  1.56  
2027 0.00  0.06  0.06  0.43  1.24  1.67  1.61  
2028 0.00  0.06  0.06  0.44  1.28  1.72  1.67  
2029 0.00  0.06  0.06  0.48  1.48  1.95  1.90  
2030 0.00  0.06  0.06  0.51  1.71  2.22  2.16  
2031 0.00  0.80  0.80  0.55  1.97  2.52  1.72  
2032 0.00  0.05  0.05  0.58  2.28  2.86  2.81  
2033 0.00  0.05  0.05  0.63  2.63  3.26  3.21  
2034 0.00  0.05  0.05  0.64  2.61  3.25  3.20  
2035 0.00  0.05  0.05  0.65  2.60  3.25  3.20  
2036 0.00  0.05  0.05  0.67  2.58  3.25  3.20  
2037 0.00  0.05  0.05  0.68  2.57  3.25  3.20  
2038 0.00  0.05  0.05  0.70  2.55  3.25  3.20  
2039 0.00  0.05  0.05  0.73  2.67  3.40  3.35  
2040 0.00  0.05  0.05  0.76  2.79  3.55  3.50  
2041 0.00  0.05  0.05  0.79  2.92  3.71  3.66  
2042 0.00  0.05  0.05  0.82  3.06  3.88  3.83  
2043 0.00  0.05  0.05  0.85  3.20  4.05  4.00  

      EIRR 12.5% 
      NPV 4.59 

EIRR = economic internal rate of return; km = kilometer NPV = net present value discounting at 9%; PR = Provincial 
Road; VOC = vehicle operating cost. 
Source: TRTA consultant. 
 

Table S2. Sensitivity Analysis Indicators 
Case         EIRR (%) Switching 

Value (%) 
Base case  

   12.5% Not applicable 
Benefit reduced by 20%    10.1% -27.8% 

Cost increased by 20%    10.7% 42.7% 

Benefit reduced by 15% and cost increased by 15%   9.4%  Not applicable 
EIRR = economic internal rate of return. 
Source: TRTA consultant.  
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SUPPLEMENTARY APPENDIX: ECONOMIC ASSESSMENT 
 

A.  Traffic Demand  
 
1.1  Terminology  
 
1. Annual average daily traffic (AADT or sometimes ADT), classified by vehicle type, is 
calculated as an annual average of daily vehicles on a given road. AADT literally refers to the 
average of 365 days of traffic each counted over a 24-hour period of a calendar day. This 
approach usually requires traffic counting instrumentation to be set up on the subject road. An 
accepted alternative method to the 365 days count is sampling, aimed at obtaining a 
representative average. The sampling approach recognizes the essential difference in volume of 
workday and holiday traffic. One standard method assumes an approximate ratio of 2/3 to 1/3 in 
the number of workdays to holidays in a year. A traffic count can be conducted over a three-day 
period made up of exactly one weekend (usually) holiday and two work days; and, instead of 
counting for the full 24 hours each day, the count is made for a clear majority (for example, 16 
hours) of the 24 hours in a day. For the subproject, the count was for 16 hours of one day, and 
18 hours of each of the other two days. The sample average is arrived at by first taking an hourly 
average for each day, which is multiplied by 8 to obtain three 8-hour averages, and then summing 
these (3 times 8) to obtain the AADT.  
 
2. Annually compounded growth rate (ACGR or sometimes AGR) is self-explanatory. 
 
1.2  Traffic Forecast  

3. Traffic growth rates. Traffic in future years in the with- (W) and without- project (WO) 
scenarios was forecast using an income-elasticity of demand of 0.6710 applied to an expected 
income growth of 7% to obtain a 5% annual rate of traffic growth for each vehicle type, with the 
sole exception of the motorcycle. Being a commodity technically classified as an inferior good, by 
economists, demand for the average motorcycle is expected to be stronger at lower incomes and 
to fall off at high incomes. In the subproject assessment this is reflected in the assumption of a 
declining annual growth rate of motorcycle traffic: from 2.5% in 2023, to 1% (2033) and 0% (2043).  
 
4. Traffic in the 2.4 km and 30 km sections. Traffic counts were made for the 2.4 km 
section of PR 637. Field survey of the 30 km section area carried out in June 2019 indicated that 
harvested logs from this largest acacia cultivation area in Vinh Thanh are transported via PR 637 
for processing into wood chips in Ta Suc industrial zone, located in the 2.4 km section. To cope 
with the poor road surface and bridges condition, and 2.4 km section bridges weight limitation, 
the largest carriers are medium trucks of an average 12 ton load capacity. In the WO scenario 
this less than economic load would persist. In the W scenario improvement of the 30 km section, 
the 12 ton loads would be consolidated and be moved by heavy trucks of an average 33 ton 
capacity. The small and medium truck traffic to and from the 30 km area was estimated at 80% 
of the small and medium truck traffic count taken on the 2.4 km section. It was assumed that all 
except 2% of this traffic represent acacia wood that is consolidated into heavy truck in the W 
scenario. For non-freight traffic, it was recognized that the occupation of the great majority of the 
population in the 30 km section is acacia cultivation, and low income generating. Accordingly, 
demand for travel away from their occupation area, and in particular the use of private passenger 
vehicles over longer distances, is not expected to be great. The field survey also indicated that 
passenger travel beyond Vinh Thanh district that originates from the 30 km road area would 

 
10  Source reference: Appendix footnote 3. 
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generally be via Vinh Quang commune, through which the 2.4 km section passes and provides 
access to National Highway 2. Accordingly, for both the W and WO scenarios, the share of the 
30 km passenger vehicle traffic included in the 2.4 km classified traffic count was estimated at 
20% each for the motorcycle and small/medium bus, 0% for the heavy bus, and 10% for the car. 
 
5. Generated traffic. Generated traffic is incremental demand for road use in response to 
perceived lower road user costs (meaning vehicle operating cost and opportunity cost value of 
travel time to drivers and passengers) in the W compared to the WO scenario. It is a standard 
assumption that in the lower cost scenario the additional demand has a willingness to pay road 
user cost that is uniformly distributed between the willingness to pay the cost in the WO scenario 
and that in the W scenario. This implies that the road user saving benefit accruing to generated 
traffic is assessed at half the user cost reduction in the W compared to the WO scenario. Given 
the general economic circumstances of inhabitants in the 30 km road area, the road user cost 
saving to the small passenger traffic in the W compared to the WO scenario is not expected to 
generate significant additional traffic.11 For the 2.4 km road area, the perceived user cost saving 
is masked by the short distance involved, resulting in a less effective inducement to greater road 
use. Accordingly, generated traffic was not estimated for inclusion in the subproject benefit 
assessment.   
 
B.  Road User Costs 
 
2.1.  Road Traffic Speed and Road User Costs Relationships 
  
6. Vehicle operating cost. The present assessment makes use of a tool for estimating 
vehicle operating cost (VOC) which is in use at an international highway department.12 The tool 
is the result of a study on the functional relationship between vehicle speed, measured in unit of 
vehicle trip distance per hour, and average vehicle operating cost (VOC), in $ per unit of vehicle 
trip distance, for two basic vehicle types - the car and heavy truck. The VOC estimator is derived 
from two estimated fuel consumption functions, one of which outputs, in liter per km, the estimated 
consumption of fuel (y), being gasoline for the car, and the other, diesel for the truck, upon 
inputting the vehicle speed in km/h (x). The functions are set out in (1.1) and (1.2) below:  
 
Car:      y = 0.00007x2-0.0105x+0.4552  (1.1)  

Truck:    y = 0.0002x2-0.0179x+0.7167  (1.2) 

7. The economic price of gasoline respectively diesel fuel used in the assessment was 
estimated assuming: (i) a crude oil economic price of $70 per barrel; (ii) an economic price of 
gasoline made up of 67.74% crude oil cost and 32.26% refining cost, and, for diesel, 69.0% crude 
oil cost and 31.0% refining cost. Fuel cost in $ per vehicle km (vkm) represents the average 
variable VOC per vkm. To this was added the estimated average fixed VOC per vkm, of $0.99, 
for the car, and $1.69 for the truck. This average fixed cost comprises: the vehicle capital cost 
(depreciation), lubricating oil, tires, maintenance and repairs, consumed in operating a vehicle, 
expressed in $ per vkm. The fuel consumption functions (1.1) and (1.2), together with the 
estimated economic price of fuel, and the addition of the vehicle operating average fixed cost per 

 
11  See also paragraph 8. 
12  California Transport Department. Details appear in Booze Allen Hamilton, Hagler Bailly, Parsons Brinkerhoff. 1999. 

California Life-Cycle Benefit/Cost Analysis Model, Technical Supplement to Users Guide. See also Appendix 
paragraphs 8 and 9.  The users guide give the functions outputs in look-up tables.  That information is the data source 
for Excel charts, with the formulas (1.3) and (1.4) given by the Excel chart creating function and selection of the 
choice “polynomial” at the Trendline command. 
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vkm just described, yield the VOC in $ per vkm (y) for the car, respectively the truck, upon inputting 
the vehicle speed in vkm/h (x): see (1.3) and (1.4) below 

Car:      y1 = 0.00004x2-0.0068x+0.433  (1.3) 

Truck:    y = 0.0001x2-0.0114+0.6903   (1.4) 

8. Time cost. A direct method of gathering data on how people would put a monetary value 
on time that they spend on a journey is to conduct a stated preference survey. The difficulty and 
likely cost of conducting such a survey in Viet Nam means that only high investment projects 
adopt this approach. The subject project of a 2016 study for a toll expressway is such a project.13  
It is generally accepted that the value of time (VOT) spent on a road journey is positively related 
to the traveler’s income. Potential users, particularly those traveling as passengers on this toll 
expressway connecting the Viet Nam capital and the beach resort, can be expected on average 
to be in a high-income bracket. This is reflected in the results of the 2016 study stated preference 
survey, one result of which shows that the average car passenger’s value of their time per hour 
in Dong converted into 2016 dollars is $ 2.68 and the average car occupancy is 2.6 persons per 
vehicle.14 Travelers likely to be met on PR 637 would have significantly lower income, but the toll 
expressway car passenger value of time and vehicle occupancy rate still provide a useful 
reference point for the subproject assumed VOT and vehicle occupancy rates.     
 
9. Two VOTs are assumed for the subproject, one high VOT for the car passenger equivalent 
to 2019 $1.43 per hour, inclusive of standard conversion factor (SCF) and shadow wage rate 
factor (SWRF). This is equivalent to the average 2014 monthly starting salary of a graduate 
converted to an average hourly rate in 2019 currency by application of an assumed GDP growth 
rate of 6.5%. VOT for truck drivers, and any occupant of any other vehicle type, is assumed to be 
equivalent to the 2014 daily minimum wage converted to an average hourly pay per 8-hour work 
day and brought to 2019 equivalent of $0.77, after SCF and SWRF. For rural road projects, a 
common assumption is that traveler VOT during work time is higher than outside work time; the 
subproject adopts the same practice. For the subproject, a truck driver VOT is 100% of work hour 
VOT. For any occupant of any other vehicle type, the VOT is assumed to be 25% of work time 
VOT. The assumed vehicle occupancy rates are taken from the Ha Giang Subproject 2.15 

2.2.1 Road Traffic Density and Speed Relationship 
 
10. The assessment makes use of the United States Federal Highway Administration (FWHA)  
classification of six levels of road user service designated A to F, as summarized in Table S1.  
 

Table S1. Road Levels of Service and Traffic Volume-to-Capacity Ratio 
LOS V/C Ratio Summary Description 

A 0.00 – 0.35  Best operating conditions; considered free flow. Individual users virtually 
unaffected by presence of others in traffic stream   

B 0.35 – 0.58  Reasonably free-flowing; some influence by others 
C 0.58 – 0.75 Constrained constant flow below speed limits. Additional attention required by 

drivers to maintain safe operations. Noticeably lower driver comfort and 
convenience   

 
13  MVA Systra. 2016. Dau Giay Phan Thiet Expressway Study (unpublished). 
14  Op cit page 74.  
15  TA 8657 VIE Basic Infrastructure Service for Inclusive Growth in Northeast Provinces Sector Project Ha Giang 

Subproject 2 Road: Minh Khai, Ha Giang City, to Ngoc Lin Commune and Binh Vang Industrial Zone, Vi Xuyen 
District.  
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LOS V/C Ratio Summary Description 
D 0.75 – 0.90  

 
Approaching unstable flow, high passing demand and passing capacity near 
zero       

E 0.90 – 1.00  
 

Unstable flow near capacity. LOS E often changes to LOS F quickly because 
of accidents or other traffic disturbances      

F > 1.00  Worst conditions: heavily congested flow; stop-and-go waves; poor travel 
time; low comfort and convenience; and increased accident exposure  

LOS = level of service; V/C = volume-to-capacity. 
Source: Based on United States Federal Highway Administration Highway Capacity Manual 1994. 
 
11. The summary description of the six levels of service in Table S1 elaborates in qualitative 
terms on a negative causal relationship between the density of a traffic stream and its average 
speed with this conclusion: as the density increases the speed falls and vice versa.16 Additionally, 
the quantitative volume-to-capacity (V/C) ratio information for each level of service provides a 
method of quantifying the relationship between traffic density and average speed. For this 
purpose, traffic volume is measured in traffic flow units, where the car and any light to medium 
four-wheeled vehicle is counted as 1 traffic flow unit (tfu), and the heavy bus, heavy truck and 
truck-trailer as 2 tfus each. The motorcycle, commonly two-wheeled, occupying less than one 
lane, and often alternating between a lane and the road shoulder, is not taken into account – ie it 
is assigned 0 tfu. By universal practice, a road is classified according to (i) its design traffic volume, 
which represents design maximum traffic density or capacity, and (ii) design maximum speed.  
Taking a normal range of traffic volume as being capped at 1.3 of the road’s capacity, and taking 
S to be the road’s design maximum speed, and x the ratio of forecast average hourly traffic volume 
per lane to design capacity (ie V/C ratio), the forecast average speed in a traffic lane (y) is given 
by the function: 
 
 y = (1.3-x)S  (0.3 =< x =< 0.9)   (1.5) 

with the indicated restriction on the input values for x.   

12. For national highways of advanced economies, it is common to assume that the upper 
limit restriction on the value of the V/C ratio in (1.5) is easily met. But for the subproject, in the 
WO scenario both sections of PR 637 have a calculated V/C ratio that is above, or close to, the 
upper limit for the years from 2023, the start of the project. In consequence, the modelled traffic 
speeds are below half the respective design maximum speed of 30 km/h and 20 km/h.  
Accordingly, it was assumed that users of each road section would actively apply a coping 
strategy of avoiding busy hours when using the road – this could mean choosing to be on the 
road after 20.00 hours and before 06.00 hours, for example – and as a result the average daily 
traffic speeds on each road in 2023 and 2028, the first two modelled years following project 
completion, would be 15 km/h, and, in the remaining modelled years 2033, 2038 and 2043, 10 
km/h. In the W scenario 30 km section, the calculated V/C ratio exceeds the upper limit in the 
modelled years 2038 and 2043; accordingly, with the coping strategy of busy hours avoidance 
the average daily speed was assumed to yield the same average traffic speed as the WO scenario 
assumption of 10 km/h.  
 

 
16  For interesting theoretical details see pp 251-252 of:  W.S.Vickery. Congestion Theory and Transport Investment. 

American Economic Review. 1969, vol. 59, issue 2, 251-60. Vickery won the Nobel Prize for his work on congestion 
theory. 


