
Second Rural Connectivity Investment Program (RRP IND 48226-002) 

ECONOMIC AND FINANCIAL ANALYSIS 
 
1. The Second Rural Connectivity Investment Program (the investment program) will build 
or upgrade about 12,000 kilometers (km) of rural roads in the Indian states of Assam, 
Chhattisgarh, Madhya Pradesh, Odisha, and West Bengal (investment program states). It will 
build new rural roads and upgrade existing earth or gravel roads to provide all-year access to 
social services and markets, significantly reduce vehicle operating costs, and cater to the 
expected increase in traffic. The investment program’s road sections form part of the core rural 
road network and were selected based on the guidelines for the two phases of the Prime Minister’s 
Rural Road Program—Pradhan Mantri Gram Sadak Yojana (PMGSY-I and PMGSY-II). Tranche 
1 of the investment program (the project) will construct a total of 6,302.96 km of rural roads in the 
investment program states. An economic analysis of a sample set of road subprojects in each 
investment program state was carried out to assess the economic viability of the project. 
 
2. Economic evaluation of the proposed project was undertaken using the Highway 
Development Model 4 (HDM-4). The costs to the road agency and road users in the “without” and 
“with” project cases were estimated and used for deriving the with-project net costs and benefits, 
and to calculate the economic viability of the project road sections. The analysis uses the domestic 
price numeraire and assumes 20 years of operation after construction or upgrade. In the terminal 
year of the project, residual values of assets were considered as per their economic life by 
applying the straight-line depreciation method. 
 
3. Project road details. The details of road sections included in the analysis are given in 
Table 1. Road sections under consideration are either bituminous paved roads in poor condition 
requiring rehabilitation and capacity augmentation, or earth or gravel roads in poor to very poor 
condition. The earth or gravel road sections are impassable during rainy season because many 
side and cross drains are missing. Base-year traffic volumes were obtained from classified traffic 
counts carried out on project road sections.  
 

Table 1: Details of Project Road Sections 

State 

No. of 
Road 

Sections 

Total 
Length 

(km) 

Daily Traffic 
Range 

(motorized 
vehicles) 

Average Traffic Composition (%) Daily Traffic 
Range (non-

motorized 
vehicles) 

Two- 
Wheeler 

Passenger 
Vehicle 

Tractor/ 
Trailer 

Truck 

Assam 303 976.99 95-502 37.1 25.7 15.4 21.8 23–475 

Chhattisgarh 80 1001.08 117–2,738 66.1 17.4 6.4 10.1 40–2,482 

Madhya 
Pradesh 

171 2156.16 425–2,030 55.5 26.7 14.0 3.8 27–143 

Odisha 393 1571.28 95–376 40.6 34.3 16.2 8.9 57–270 

West Bengal 181 597.38 171–432 52.8 16.7 25.8 4.7 274–1,280 

Source: Asian Development Bank estimates. 
 

4. Two-wheelers have the highest share in overall traffic, and passenger vehicles, including 
two-wheelers, account for 62%–83% of traffic. Agricultural vehicles such as tractors and trailers 
outnumber trucks in three of the five investment program states and are a particularly big 
component of the traffic in West Bengal. Nonmotorized traffic in all the states is primarily made 
up of bicycles. 
 
5. Economic growth trends and traffic growth forecast. Table 2 shows the average real 
economic growth rate experienced during 2010–2015. India’s economic growth has rebounded 
to a range of 7%–8% since 2014 and is projected to maintain this growth rate in the immediate 
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future. The economic growth rate for 2017 is estimated at 7.4%. The investment program states 
are expected to continue their own recent growth trend. 
 
6. The growth in registered vehicles in these states gives an indication of the potential for 
traffic growth on the project roads. Table 2 also provides data on the elasticity of vehicle 
registration growth in the investment program states. The high elasticity of vehicle growth in some 
states may be a result of their low base.  
 

Table 2: Economic Growth Rates and Growth of Registered Vehicles 

 
State 

Economic Growth Rate 
(FY2010–FY2015), %a 

Growth of Registered Vehicles 
(FY2010–FY2015), %b 

Elasticity, Calculated 
against GDP Growth Rate 

Assam 5.8 12.1 2.09 

Chhattisgarh 7.2 11.5 1.60 

Madhya Pradesh 8.6 10.5 1.22 

Odisha 5.1 11.6 2.27 

West Bengal 6.4 10.1c 1.58 

All of India 6.5 10.5 1.62 

FY = fiscal year, GDP = gross domestic product. 
c For FY2013–FY2015. 
Sources: a NITI Ayog, Government of India website: niti.gov.in; b Ministry of Road Transport and Highways. 2015. 
Road Transport Year Book. New Delhi.  

 
7. Table 3 shows the percentage growth of registered vehicle numbers by category and in 
total in each investment program state, as well as for all of India during 2010–2015. 
 

Table 3: Growth Rate of Registered Vehicles, 2010–2015 (%) 

State 
Two- 

Wheeler 
Car/Jeep/ 

Van 
Bus 

Goods 
Vehicle 

Tractor Total 

Assam 11.2 14.7 5.5 8.9 14.2 12.1 

Chhattisgarh 11.4 14.2 8.0 9.9 10.8 11.5 

Madhya Pradesh 10.7 12.9 5.7 10.5 6.5 10.5 

Odisha 11.6 12.9 4.4 8.7 11.0 11.6 

All of India 10.5 10.2 5.1 7.3 6.4 10.5 

Note: West Bengal not included as the data is not available for all years (paragraph 9) 
Source: Ministry of Road Transport and Highways. 2015. Road Transport Year Book. New Delhi. 

 

8. Historical traffic data that could be used to arrive at observed growth on project road 
sections is not available, so a direct correlation between vehicle growth rates and traffic growth 
rates is assumed, and the elasticity of vehicle growth to socioeconomic growth factors was 
derived for projecting future growth rates.1 The socioeconomic growth factors used are gross state 
domestic product, and population and per capita income in the case of buses. Table 4 gives the 
elasticities of vehicle growth to growth in socioeconomic variables, and also gives adopted values 
in line with the all-India values. 
 
 
 
 
 

                                                 
1  Elasticity derived using the relation Loge RV = A0+A1 Loge EV, where RV is registered vehicle volume, A0 and A1 

are regression coefficients, and EV is the economic variable used. 
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Table 4: Transport Demand Elasticities 

State 
Two- 

Wheeler 
Car/Jeep/ 

Van 
Bus 

Goods 
Vehicle 

Tractor 

Assam 1.72 2.36 2.23 1.43 2.05 

Chhattisgarh 1.75 2.26 2.56 1.53 1.58 

Madhya Pradesh 1.19 1.45 1.88 1.15 0.68 

Odisha 2.13 2.36 2.01 1.85 2.15 

All of India 1.43 1.45 1.71 1.07 0.96 

Adopted range of elasticity 1.3–1.7 1.4–1.8 1.8–2.0 1.2–1.5 1.0–1.5 

 Note: West Bengal not included as the data is not available for all years (paragraph 9) 
 Source: Asian Development Bank estimates. 

 
9. With the estimated elasticity values and the growth outlook for economic variables, the 
growth rates for different vehicle categories are estimated by multiplying the economic variable 
growth rate with the adopted elasticity values. Some of the vehicle additions will replace older 
vehicles, and growth in rural areas is likely to be lower than the average growth rates. Future 
traffic growth rates for the present analysis were derived by reducing the estimated statewide 
growth rates by 25% to account for replacement of older vehicles and lower growth rates in rural 
areas. For West Bengal, where data on registered vehicle is not available, an average of the 
growth rates estimated for Assam and Odisha was used. Traffic growth declines over time, so for 
traffic projections beyond 2022, growth rates are reduced by 10% every 5 years but are not less 
than 2% for any vehicle category in the analysis period. Nonmotorized traffic is assumed to grow 
at a marginal 1% per annum. 
 

Table 5: Adopted Growth Rates for Motorized Traffic, 2017–2022 (%) 

State 
Two 

Wheeler 
Car/Jeep/ 

Van Bus 
Goods 
Vehicle Tractor 

Assam 6.0 7.0 3.8 5.1 4.7 

Chhattisgarh 7.7 8.8 4.7 6.8 5.5 

Madhya Pradesh 6.8 8.1 4.6 6.9 4.6 

Odisha 5.3 6.2 2.7 5.2 4.1 

West Bengal 5.7 6.6 3.2 5.1 4.4 

 Source: Asian Development Bank estimates. 
  

10. The project will improve the connectivity of rural habitations by building all-weather roads 
and/or upgrading existing roads. The potential for traffic diversion is minimal, so none was 
considered. However, there is potential for significant generated traffic thanks to better roads and 
savings in vehicle operating costs. The proposed improvements are estimated to reduce vehicle 
operating costs by over 40% in the case of existing earth or gravel roads, and for these roads, 
generated traffic is assumed at 20%. Additionally, in the case of roads for which major stream 
crossings will be built or rebuilt, the travel distance is assumed to be shorter by 10%—without the 
crossings, traffic would have to use a longer route.  
 
11. Design standards and construction costs. All project road sections are in poor 
condition and will be built or upgraded to a standard all-weather single-lane or intermediate-lane 
road, depending on traffic levels. The existing roads are either bituminous paved, or earthen or 
gravelly, and will be reconstructed. The proposed upgrades will form the with-project case, with 
regular routine and periodic maintenance to keep up the level of service; a 5-year post-
construction maintenance clause is included in the works contracts. The without-project case will 
involve minimum maintenance, such as spot graveling or repair of severely damaged areas to 
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keep the roads in operation. Construction cost estimates of the sample road subprojects from 
each investment program states have been adopted and cost ranges are shown in Table 6. The 
economic project cost was derived by removing taxes from the financial cost and adjusting the 
unskilled labor component by applying a shadow wage rate factor. Where widening to 
intermediate lanes or construction of bridges and/or cross drains are involved, the costs per km 
are higher.  
 

Table 6: Improvement Option and Construction Costs 

 
State 

Range of Financial Cost  
(₹  million per km) 

Assam 4.28–11.49 

Chhattisgarh 4.53–7.96 

Madhya Pradesh 6.09–13.65 

Odisha 2.07–6.99 

West Bengal 4.13–5.73 

km = kilometer. 
Source: Asian Development Bank estimates. 

 
12. Vehicle operating cost savings. The improvement of project road sections will result in 
savings to road users and society as a whole in the form of less vehicle operating and time costs 
for passenger and freight traffic. An economic analysis was carried out using the HDM-4 model, 
which takes as input the vehicle technical and operational characteristics, vehicle prices, tire 
prices, fuel price, and maintenance and vehicle operation staff costs. The vehicle price, tire price, 
and staff costs are based on recent cost examples in the region. Economic fuel prices were 
derived by excluding all taxes and duties and considering the medium-term fuel price of $60.0 per 
barrel. The HDM-4 model calculates the vehicle operating cost savings as the difference between 
vehicle operating costs without and with the project.  
 
13. Value of time. The values of passenger working and nonworking time were calculated 
based on wage rates in each state. The unskilled labor component in the value-of-time calculation 
was multiplied by a shadow wage rate factor ranging from 0.54 to 0.70. The value of nonworking 
time is taken as 25% of that of the working time. 
 

Table 7: Values of Two-Wheeler and Car Passengers’ Working and Nonworking Time 

State 

Value of Work Time 
(₹  per hour) 

Value of Non-Work Time  
(₹  per hour) 

Bus Two-wheeler Car Bus Two-wheeler Car 

Assam 59.7 101.4 208.8 14.9 25.4 52.2 

Chhattisgarh 42.0 71.4 146.9 10.5 17.8 36.7 

Madhya Pradesh 50.1 85.3 175.5 12.5 21.3 43.9 

Odisha 40.7 69.3 142.6 10.2 17.3 35.7 

West Bengal 53.3 90.6 186.5 13.3 22.6 46.6 

Source: Asian Development Bank estimates based on wage rates from the Annual Report 2016–2017 of the Ministry 
of Labor and Employment, Government of India. 

 
14. Salvage value. A straight-line depreciation method is used to calculate the salvage value 
of project elements at the end of the analysis period. Pavement components are assumed to have 
a design life of 20 years and will have no salvage value. Bridges and cross drains can have a life 
of more than 40 years. Salvage values are estimated by assuming a 40-year life for all structures 
and upgrades. 
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15. Other parameters. An analysis period of 20 years and a discount rate of 9% are used. 
The analysis also includes a benefit to slow-moving vehicles because their passengers will save 
energy and time on a sealed road versus an earth or gravel road in poor condition.2  
 
16. Economic analysis. An economic analysis was carried out for a representative sample 
of roads in the investment program states. The benefits considered include vehicle operating cost 
savings for motorized vehicles, travel time savings for passengers of motorized vehicles, and 
value of equivalent energy savings for slow-moving vehicle users. With-project and without-
project vehicle emissions were quantified but not included3 because the net impact is negligible 
since the reduction in vehicle emissions, thanks to better roads, is negated by the increase in 
vehicle emissions from generated traffic on better roads.4 In addition, during the rainy season, 
driving on existing earthen roads or tracks proves to be much slower and more difficult, and some 
sections are often passable only by tractor. A conservative 25% increase in transport costs in the 
without-project case is considered for about 60 days per year for earthen roads. The economic 
analysis results (Table 8) indicate that the project is economically viable and has an economic 
internal rate of return (EIRR) above the desirable rate of 9%. The cash-flow streams for the road 
sections included in the analysis in all the states are in Table 9. 

 
Table 8: Results of Economic Analysis  

State EIRR (%) NPV (₹  million) 

Assam 13.1 (10.5–17.1) 135.9 

Chhattisgarh 15.3 (10.0–24.0) 763.5 

Madhya Pradesh 15.0 (12.8–22.2) 1066.3 

Odisha 13.0 (9.5–17.4) 255.2 

West Bengal 15.9 (9.8–20.6) 234.8 

EIRR = economic internal rate of return, NPV = net present value. 
EIRR values given in parentheses are the range of EIRRs for the road sections. 
Source: Asian Development Bank estimates. 

 

Table 9: Cash-Flow Stream – All States (₹  million) 

Year 

Increase in Road Agency Costs Road User Benefits 

Net  
Benefits 

Capital  
Costs 

Maintenance 
Costs 

Vehicle 
Operating Costs 

Time  
Costs 

NMT  
Costs 

2017 0.0 0.0 0.0 0.0 0.0 0.0 
2018 2616.6 (127.4) 0.0 0.0 0.0 (2489.2) 
2019 2616.6 (124.9) 0.0 0.0 0.0 (2491.7) 
2020 0.0 (174.3) 275.6 53.7 44.3 547.9 
2021 0.0 (166.7) 308.0 57.9 42.2 574.8 
2022 0.0 (165.8) 339.3 61.1 40.6 606.7 
2023 0.0 (158.5) 370.2 65.2 40.9 634.9 
2024 0.0 (157.5) 401.2 69.9 41.5 670.1 
2025 0.0 922.4 434.1 75.5 42.0 (370.8) 
2026 0.0 (145.5) 533.4 82.4 52.5 813.8 
2027 0.0 (140.9) 584.2 90.0 51.7 866.8 
2028 0.0 (140.1) 638.9 99.2 46.9 925.2 

                                                 
2  The HDM model includes estimation of nonmotorized traffic costs in terms of energy cost and vehicle-related costs. 

The cost of energy per megajoule (MJ) is taken as ₹ 16.4, estimated based on the cost of food items and calorific 
value obtained from internet sources for a 2,400 calorie (2.4 MJ) intake (consisting of 400 grams of cereals, 45 grams 
of pulses, 130 milliliters of milk, 60 grams of vegetables, 20 grams of oil, and other ingredients). Value of time for 
cycle passengers is assumed at one-third of the value of time for bus passengers. 

3  The social cost of vehicle emission is valued at $36.3 per ton equivalent of carbon dioxide emission. 
4  The social cost of vehicle emission is valued at $36.3 per ton equivalent of carbon dioxide emission. 
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Year 

Increase in Road Agency Costs Road User Benefits 

Net  
Benefits 

Capital  
Costs 

Maintenance 
Costs 

Vehicle 
Operating Costs 

Time  
Costs 

NMT  
Costs 

2029 0.0 (142.6) 697.8 110.6 47.7 998.8 
2030 0.0 (145.2) 782.3 130.7 48.4 1106.7 
2031 0.0 926.3 876.5 157.9 49.2 157.4 
2032 0.0 (143.9) 1013.1 178.5 61.5 1397.0 
2033 0.0 (146.1) 1241.9 237.9 82.9 1708.8 
2034 0.0 (142.4) 1525.0 331.2 54.3 2052.9 
2035 0.0 (144.9) 1646.8 372.0 55.3 2219.0 
2036 0.0 (143.4) 1749.7 408.9 57.0 2359.0 
2037 0.0 932.7 1856.3 451.6 58.5 1433.7 
2038 0.0 (142.9) 2058.3 503.3 73.1 2777.7 
2039 (509.6) (143.2) 2196.2 557.3 98.6 3504.9 
    EIRR (%)  14.0 

    NPV @ 9%  2495.1 

EIRR = economic internal rate of return, NPV = net present value. 
( ) = negative 
Source: Asian Development Bank assessment. 

 

17. Sensitivity analysis. A sensitivity analysis was carried out in each investment program 
state. The following cases were analyzed:  

Case I  Base cost and base benefits 
Case II  Increase in capital costs by 10% and base benefits 
Case III Base cost and decrease in benefits by 10% 
Case IV Time benefits reduced by 50% 
Case V Nonmotorized traffic benefits not considered 
Case VI Completion of all roads extending to 4 years   
Case VII  Increase in capital costs by 10% plus decrease in benefits by 10% 

 
18. The results of the sensitivity analysis are in Table 10. They indicate that with an increase 
in capital costs of 10% and/or a decrease in benefits of 10%, the investment program remains 
economically viable in all states, with EIRRs above 9%. The proposed road improvements, 
especially the upgrades of unsealed road sections, will have positive impacts on agricultural 
productivity and the local communities’ quality of life thanks to better access to health and 
education services in the project area. However, benefits other than quantifiable transport cost 
savings are not included in the analysis.  
 

Table 10: Sensitivity Analysis Results 

State 

Economic Internal Rate of Return (%) 

Case I Case II Case III Case IV Case V Case VI Case VII 

Assam 13.1 11.9 (40%) 11.7 (28%) 10.8 (88%) 12.2 (NA) 12.8 (NA) 10.6 (17%) 

Chhattisgarh 15.3 14.1 (76%) 14.0 (44%) 14.4 (NA) 14.1 (NA) 14.9 (NA) 12.9 (28%) 

Madhya Pradesh 15.0 14.0 (94%) 13.9 (48%) 14.3 (NA) 14.6 (NA) 14.6 (NA) 13.0 (32%) 

Odisha 13.0 11.8 (35%) 11.6 (28%) 11.1 (100%) 12.8 (NA) 12.7 (NA) 10.5 (16%) 

West Bengal 15.9 14.4 (65%) 14.3 (39%) 14.5 (NA) 9.9 (NA) 15.5 (NA) 12.9 (25%) 

NA = not applicable. 
Note: Values given in bracket are switching values. 
Source: Asian Development Bank assessment. 

 
19. Financial assessment. The project does not generate revenue. The maintenance of 
roads under PMGSY-I and PMGSY-II is funded by the state governments, as required under the 
PMGSY guidelines. The sustainability of roads constructed under the project is ensured through 
the inclusion of a 5-year post-construction maintenance in the civil works contracts.  
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20. After the 5-year period, rural road maintenance is managed by the rural road network 
management units (RRNMUs), which were established under the first Rural Connectivity 
Investment Program in each investment program state.5 The maintenance is performed by project 
implementation units (PIUs) in each district, with the help of contractors. Table 11 describes the 
maintenance arrangements in each state after the 5-year post-construction maintenance period. 
 

Table 11: Road Maintenance Arrangements 

State Within 5-year post-construction period After 5-year post-construction period 

Assam Road maintenance is based on regular 
inspection by PIUs. 

Road maintenance is based on regular joint 
inspection by PIUs. A contractor is engaged 
for 1-year maintenance. 

Chhattisgarh Road maintenance is based on regular 
inspection by PIUs. 

Road maintenance is based on regular 
inspection by PIUs. A contractor is engaged 
for 5-year maintenance. 

Madhya Pradesh Road maintenance is based on service 
performance to be maintained by the 
contractor. 

Road maintenance is based on service 
performance. A contractor is engaged for 5-
year maintenance. 

Odisha Road maintenance is based on regular joint 
inspection by PIUs. 

Selected priority roads per district/per year 
are selected for complete renewal with a 2-
year maintenance period. For the other 
roads, maintenance is done based on 
regular inspection by the PIUs. 

West Bengal Road maintenance is based on regular joint 
inspection by PIUs. 

Based on regular inspection by PIUs. 
Contractor engaged for 2-year maintenance. 

PIU = program implementation unit. 
Source: Asian Development Bank. 

 
21. In 2016, the investment program states spent an aggregate amount of $306.16 million on 
the maintenance of PMGSY roads. This includes the maintenance cost both within and after the 
5-year post-construction maintenance period during that year. The breakdown of maintenance 
expenditure by each state in the last three fiscal years is in Table 12. This historical maintenance 
data shows a yearly increase in the expenditure in line with the number of roads completed in 
each state. 
 

Table 12: Road Maintenance Expenditure under the Prime Minister’s Rural Road 
Program, by State 

Fiscal  

Year 

Expenditure ($ million)a 

Total Assam Chhattisgarh Madhya Pradesh Odisha West Bengal 

2014 1.70 39.06 58.60 5.43 4.70 109.49 

2015 2.17 35.62 101.70 3.99 4.45 147.92 

2016 3.33 138.46 131.08 5.91 27.38 306.16 
 a Including routine maintenance, periodic maintenance, and special repairs. It also includes the maintenance costs   

under the 5-year post-construction maintenance clause in the works contract. 
Source: Asian Development Bank. 

                                                 
5  The PMGSY guidelines recommended that after the 5-year post-construction maintenance period, the responsibility 

for managing and maintaining the rural road should be handed over to the district panchayat (a body of directly 
elected people responsible for development activities in the area). However, the investment program states decided 
to manage the rural roads through the PIUs and the RRNMUs.   
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22. The yearly maintenance cost for the rural roads to be developed under tranche 1 of the 
proposed investment program is estimated based on the maintenance cost per km in 2016, as 
shown in Table 13 below. 
 

Table 13: Yearly Road Maintenance Expenditure by State (Tranche 1) 

 Assam Chhattisgarh 
Madhya 
Pradesh Odisha 

West 
Bengal 

Completed PMGSY roads by 2016 
(km)a 

 

16,473 27,109 66,752 41,037 23,392 

Maintenance expenditure in 2015–
2016 ($ million)b 

 

3.33 138.46 131.08 5.91 27.38 

2016 cost of maintenance ($/km) 202.10 5,107.46 1,963.69 143.99 1,170.49 

Proposed roads under tranche 1 
(km) 
 

992.91 1,001.58 2,159.00 1,571.00 597.50 

Estimated yearly maintenance 
cost for tranche 1 ($ million) 

0.2  
(6%) 

5.12  
(3,7%) 

4.24  
(3.2%) 

0.23 
(3.8%) 

0.7 
(2.6%) 

km = kilometer, PMGSY = Pradhan Mantri Gram Sadak Yojana (Prime Minister’s Rural Road Program). 
a  Pradhan Mantri Gram Sadak Yojana. Online Management, Monitoring and Accounting System (OMMAS). 

http://omms.nic.in/Home/CitizenPage/ (accessed on 24 June 2017). 
b  Including routine maintenance, periodic maintenance, and special repairs. 
Source: Asian Development Bank estimates. 

 
23. To ensure that funding for maintenance is utilized efficiently and effectively and that 
maintenance is done to the extent required, the investment program will support the RRNMU in 
each investment program state in preparing a systematic road maintenance program. This 
programmatic approach will enable the state rural road development agencies to allocate 
sufficient budget for rural road maintenance, as required in the PMGSY guidelines. 
 

http://omms.nic.in/Home/CitizenPage/

