
Subregional Transport Enhancement Project (RRP NEP 44143) 
 

ECONOMIC ANALYSIS 
 
A. Introduction 

1. The project will rehabilitate or construct about 195 kilometers (km) of roads to (i) improve 
connectivity and link remote areas with markets in Nepal and neighboring countries; and (ii) 
strengthen capacity of major international trade corridors. The economic analysis distinguishes 
two types of road: 
 

(i) Roads in the southern lowland plains (Terai) of Nepal with relatively high traffic 
volumes: The Belbari–Chaurahawa road in the eastern part of the East–West 
Highway requires reconstruction or rehabilitation for a total length of 47 km.  The 
Bhairahawa Bypass is a 3.5 km section of new alignment to link two roads and 
bypass the town of Bhairahawa at the Nepal–India border. It is proposed as a 
two-lane road with double bituminous surface treatment (DBST). 

(ii) Unsealed hill roads with low traffic volumes. They are open to motorized traffic 
only in the dry season, but give emerging market towns and district headquaters 
north–south connectivity to external markets. These are the Okhaldhunga– 
Harkapur, Salleri–Okhaldhunga, and Khandbari–Chainpur roads. They vary in 
length from 42 km to 57.5 km and are proposed for DBST sealing as single-lane 
roads. 

2. The roads have been assessed individually, using standard approaches for road 
projects. That is, the situation forecast to occur after improvements to the roads, referred to as 
the “with project” case, was compared with the situation expected if the roads were maintained 
at their present standard, the “base” case.  Only in the case of the two roads in the Terai region 
is the base case situation considered to be suitable for an analysis using the World Bank’s 
Highway Development and Management model (HDM-4).  In the case of the three hill roads, a 
spreadsheet-based analysis model for the three hill roads because although they have 
motorized traffic, access is too constrained to permit use of the HDM-4. 

B. Traffic Volumes 

3. Base year traffic volumes were obtained from the classified traffic counts carried out on 
project road sections. Representative daily traffic data obtained from the counts was converted 
to annual average daily traffic (AADT) using seasonal correction factors adopted by the 
Department of Roads. In the case of the three hill roads, the traffic represents the dry season 
AADT. The 2010 traffic levels based on the surveys are given in Table 1. 

Table 1: Base Year Motorized Traffic 

Road Section Truck Bus 
Car/Jeep/

Utility 
Auto 

Rickshaw 
Two-

Wheeler 
Tractor Total 

Belbari–Chaurahawa 378 626 232 104 1,309 158 2,807 

Okhaldhunga– Harkapur 15 6 0 0 3 8 32 

Salleri–Okhaldhunga 12 0 12 0 30 20 74 

Khandbari–Chainpur 16 10 10 0 7 7 50 

Source: Consultant’s estimate. 

 
4. In the case of the Bhairahawa Bypass, all traffic will be diverted. The bypass starts from 
the Sunauli–Bhairahawa road near the Bhairahawa Inland Clearance Depot (and the proposed 
export processing zone) and runs north–east to connect with the Bhairahawa–Parasi–Bhumahi 
road, which is currently being upgraded to sealed standard. The bypass saves approximately 
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2.5 km and avoids the town of Bhairahawa, and along with the Bhairahawa–Parasi–Bhumahi 
road provides a better traffic route between the Bhairahawa area, which includes the Sunauli 
border crossing, and central Nepal. The traffic diversion to the bypass was estimated from the 
results of an origin-and-destination survey carried out for the appraisal of the Bhairahawa–
Parasi–Bhumahi road, and a new traffic count carried out just north of Sunauli. The opening-
year traffic estimated for 2013 is given in Table 2. 
 
5. The three hill roads are open to traffic in the dry season, i.e., about 290 days a year, and 
traffic is low. During the rainy season, vehicle movements are replaced by porters, pack 
animals, and trail walking, but to a limited extent. In the hill areas, most roads can use the 
relationship between the population served by the road and the potential traffic flows and 
agricultural activity generated when reliable road access is provided. Factors have been 
estimated in previous studies in Nepal that relate population to the number of passenger 
journeys made and the amount of freight carried along roads serving that population, e.g., the 
World Bank-funded Sector Wide Road Program and Priority Investment Plan (2007). 
 
6. The freight volumes used for predicting vehicle movements are based on import 
volumes only, which are larger than export volumes, both before and after road improvement, 
and therefore determine the number of vehicle movements. The freight and passenger 
movements based on population and factors given above were converted to vehicle movements 
by assuming distribution among different vehicle types, each for a two-way trip. This estimate is 
considered to give the normal plus generated traffic for the hill roads in the opening year.  

 
Table 2: Opening Year Estimated Motorized Traffic on Bhairahawa Bypass and Hill Roads 

 

Road Section Truck Bus 
Car/Jeep/

Utility 
Auto 

Rickshaw 
Two-

Wheeler 
Tractor Total 

Bhairahawa Bypass 132 144 396 0 960 301 1,932 

Okhaldhunga– Harkapur 23 37 60 0 57 9 186 

Salleri–Okhaldhunga 29 31 51 0 48 21 180 

Khandbari–Chainpur 22 27 31 0 29 8 117 

Source: Consultant’s estimate. 

 
C. Traffic Growth Forecast 

7. Normal traffic growth is correlated with economic growth, with the relationship expressed 
as elasticity. Based on the overall evidence of automatic-counter results in the 1990s and more 
recent manual counts, basic elasticities of 1.2 for freight traffic and 1.8 for passenger traffic are 
considered. In the last 10 years, gross domestic product growth has been low compared with 
the 1990s, i.e., average annual growth has been less than 4% for several years since 2000.  
Growth averaged about 5% in 2008 and 2009.  A new 3-year plan for 2010–2012 has a target of 
5%–6% annual growth. A realistic figure of 4.5% is assumed, given past performance and 
ongoing difficulties. Applying the gross domestic product growth to the elasticities assumed 
gives annual growth rates for normal traffic as shown in Table 3.  
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Table 3: Adopted Growth Rates (%) for Motorized Traffic 

Passenger Traffic 
Freight Traffic 

Large Bus Car and Small Bus Motorcycle Period 

GDP 

Growth 

(% p.a.) Elasticity 
Growth 
(% p.a.) 

Elasticity 
Growth 
(% p.a.) 

Elasticity 
Growth 
(% p.a.) 

Elasticity 
Growth 
(% p.a.) 

2010–2022 4.5 1.2 5.4 1.4 6.3 1.8 8.1 2.0 9.0 

2023–2032 4.5 1.1 5.0 1.2 5.4 1.5 6.8 1.5 6.8 

GDP = gross domestic product, p.a. = per annum. 

Source: Consultant’s estimate. 

 
8. Generated traffic, based on the response to a reduction in vehicle operating cost (VOC), 
has also been considered. The unsealed hill roads have very high roughness and VOC 
reductions of 40%–50% can be expected from sealing.  On the hill roads, a generation rate of 
10% was applied to freight traffic and 40% to passenger traffic to derive the projected AADT and 
compared with the estimate based on population mentioned earlier. Future traffic levels in the 
with-project case were estimated by taking the higher figure of the current traffic plus this 
generation, or the potential traffic estimated from the population served. The additional 
movements forecast to occur after road improvement are regarded as generated. In the case of 
existing sealed roads, no generated traffic is considered. 
 
D. Other Input Data 

9. Information required for updating the main VOC parameters such as vehicle prices; crew 
and maintenance labor cost; and tire, oil, and fuel costs was gathered. For imported products, 
border price plus a small margin for local distribution costs has been taken as the economic 
price. A crude oil price of $100 has been adopted for this study. Adding local distribution and 
other costs gives suggested economic fuel prices in Nepal of NRs66.5 per liter for petrol and 
NRs68.5 per liter for diesel fuel. The civil works costs are expressed without value added tax. A 
factor of 0.92 has been applied to works costs to adjust for taxes other than value added tax, 
included in unit prices and for the shadow pricing of unskilled labor. 
 
10. The proposed improvement will increase the travel speeds and thus save travel time for 
all passengers. A generalized approach with a national average time value represented by per 
capita income expressed per head of the working population is used as an indication of the 
value of working time and is used to estimate the value of time savings. No value has been 
placed on nonworking time. A general assumption was made that 30% of travel time should be 
valued as working time, giving an average value for all passengers of NRs10.5 per hour. To 
allow for increases in the real value of time, this was adjusted to NRs15 per hour. 
 
11. The evaluation period over which costs and benefits were assessed was 23 years, 
giving a benefit period of 20 years. A residual value of 40% of the civil works cost was taken in 
the case of the Bhairahawa Bypass, and 33% in the case of the hill roads, to reflect that a 
substantial part of the cost is in the base course and drainage works, which have a longer life 
than the evaluation period. No residual value was applied in the case of the Belbari–
Chaurahawa road, in which most of the cost is for surfacing.   
 
12. The maintenance operations applied each year are determined within HDM-4 according 
to road condition and assumed intervention standards. In the case of the Belbari–Chaurahawa 
road, maintenance assumed is a single bituminous surface treatment (SBST) reseal each time 
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10 million equivalent standard axles or an overlay if the international roughness index (IRI) of 5 
was reached.  In the case of the Bhairahawa Bypass, SBST reseals were specified when the 
predicted level of IRI was 5. For Belbari–Chaurahawa and the bypass, recurrent maintenance in 
the form of crack sealing, patching, and edge-break repair was also specified in both with-
project and base cases. In the case of the hill roads, it was assumed that holding maintenance 
would be applied each year to keep the roads open in the base case, and recurrent and periodic 
maintenance would be applied in the with-project case. 
 
13. The economic costs used in the analysis were derived from the financial costs estimated 
based on detailed design and bill of quantities, and include the civil works capital costs, land 
and resettlement costs, and road maintenance costs. Land cost is valued at "opportunity cost" 
of the land; that is, the value for alternative uses if it was not required for the road and, in this 
case, as the net value of potential agricultural production on the land. Road maintenance costs 
are a benefit if they are reduced by the project but are still discussed as costs. Allowances for 
consulting services and physical contingencies at about 15% have been included in the 
economic costs.  
 
E. Benefits 
 
14. The benefits taken into account are those that can be quantified, such as VOC savings 
and time savings for traffic. Road accident savings are included in the case of the Bhairahawa 
Bypass, where the reduction in both overall vehicle km traveled and vehicle km operated 
alongside non-motorized traffic is expected to reduce accidents. A road accident rate in million-
vehicle km estimated for Nepal was used to calculate savings from shorter vehicle-km travels.   
 
15. Vehicle speeds and operating costs per km on the hill roads, both in their existing and 
upgraded conditions, were used in a spreadsheet model to calculate the difference between the 
base case and with-project case for normal traffic during dry season. For the rainy season, the 
savings are estimated in comparison to average trail costs for porter or pack animal movements 
(NRs0.24–NRs0.32 per kg per km based on costs per kg per km derived in earlier feasibility 
studies) and pedestrian movement speed of 3 km per hour.    
 
16. In the case of the hill roads, producer surplus benefits (value of increased production in 
the area served, net of production and transportation costs), based on an increase in the value 
of agricultural production, have been included in the analysis. They are a response to the fact 
that lower cost and more reliable transport make it possible to supply outside markets. It is 
considered appropriate to assume that even a limited response represents increased economic 
activity, so an additional 2% of agricultural land is assumed to be devoted to fruit production, 
and 1% each to vegetables and to pulses. The annual net increases in value per hectare 
considered are NRs135,000 for fruit, NRs42,000 for vegetables, and NRs12,600 for pulses, as 
derived from the Sector Wide Road Program study.  

F. Economic Evaluation 

17. An economic evaluation was undertaken for each of the road sections, and the results 
are summarized in Table 5, which gives economic internal rate of return (EIRR) and net present 
value for the proposed improvements. The results indicate that the proposed improvements of 
the project roads are economically viable, yielding an EIRR of above 12% in all cases, and 
significantly higher than 12% in most cases, indicating the high economic rate of return. 
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Table 5: Economic Analysis Results 

 
Road No. 

 
Road Name 

 
EIRR (%) 

NPV  
(NRs million) 

NPV/Capital 
Cost Ratio 

1 Belbari–Chaurahawa 35.3 2,935 3.80 

2 Bhairahawa Bypass 25.6 215 1.46 

3 Okhaldhunga– Harkapur 15.3 151 0.24 

4 Salleri–Okhaldhunga 13.3 91 0.09 

5 Khandbari–Chainpur 18.9 224 0.52 

EIRR= economic internal rate of return, NPV= net present value, NR= Nepalese Rupee. 

Source: Consultants estimate. 

 
18. The following sensitivity test cases were examined: (i) construction cost increase by 
15%, (ii) benefit decrease by 15%, (iii) excluding producer surplus benefits for hill roads, (iv) 
construction delay by 1 year, and (v) a combination of (i) and (ii). Two of the roads (Harkapur–
Okhaldhunga and Okhaldhunga–Salleri) have an EIRR below 12% in some of the sensitivity 
analysis cases. The EIRRs in these cases range from 9.7% to 11.5%, which are marginally 
below 12%. 
 
19. These two roads are also connected to function as one road, which has a higher EIRR in 
a combined economic analysis. Both roads serve underdeveloped remote areas and their 
improvement will have a positive impact on the development of these areas.  
 
20. In addition, for the hill roads, without proper connectivity to the rest of the network, traffic 
is low and future traffic is estimated based on population factors, and the increased traffic is 
treated as generated traffic with an assumed benefit of 50%. Thus, the benefit estimation is very 
conservative. Similarly, all other assumptions are very conservative, such as wet-season traffic 
(when the road is not motorable) at 20% of the dry-season traffic. Very low producer surplus 
benefits were considered, especially in the eastern hill region, which has higher cash crop 
production potential. The costs are based on detailed design and also include 10% for physical 
contingency. Considering the positive development impact of these two roads and an EIRR of 
more than 9% even in the worst-case sensitivity scenario with conservative assumptions, they 
are recommended for implementation, along with all other roads included in the analysis. 
 

Table 6: Results of Sensitivity Analysis 
EIRR (%) 

Case Sensitivity Scenario 
BC BBY HO OS CK 

I Base case 35.3 25.6 15.3 13.3 18.9 

II Construction cost increased by 15% 32.7 23.2 13.5 11.5 16.6 

III Benefits reduced by 15% 32.3 22.9 13.2 11.3 16.3 

IV Excluding producer surplus benefits N.A. N.A. 14.6 12.8 18.1 

V One year delay in construction 34.6 25.2 14.4 12.5 17.5 

VI 
Construction costs increased by 15% and 
benefits reduced by 15% 

29.9 20.7 11.4 9.7 14.3 

BBY = Bhairahawa Bypass, BC = Belbari–Chaurahawa, OH = Okhaldhunga– Harkapur, SO = Salleri–Okhaldhunga, 

KC = Khandbari–Chainpur, N.A.= not applicable. 

Source: Consultant’s estimate. 

 


