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ECONOMIC AND FINANCIAL ANALYSIS  
A. Background 

1. The province of Khyber Pakhtunkhwa in northwest Pakistan covers almost six degrees 
of latitude and is mainly mountainous. The province’s existing highways fall far below desired 
standards in terms of both width and surface condition. Limited financial resources and the 
damaging effect of heavy axle loads are placing the network under tremendous strain and causing 
it to deteriorate, thus reducing pavement life and increasing vehicle operating costs (VOCs). 
There is a significant maintenance and rehabilitation backlog in the province, with only 27% of the 
provincial highways maintained by the Pakhtunkhwa Highways Authority (PKHA) being in “fair to 
good condition,” and the remaining 73% in poor condition. 

2. The project has two outputs: (i) eight road sections with a total length of 214 kilometers 
(km) rehabilitated to relevant provincial highway standards, together with road safety 
improvement and climate resilience features to withstand damage and disruption from natural 
disasters (floods, landslides and slope erosion) and (ii) PKHA’s institutional capacity for road 
maintenance strengthened through pilot performance-based maintenance (PBM) contracts on 
104 km of roads, enhancement of the road asset maintenance system, provision of maintenance 
equipment and laboratory equipment, and training. The project roads are concentrated in the 
central and eastern districts of the province. This economic analysis has been undertaken with 
respect to the road rehabilitation, repair and maintenance components of the two outputs.  

3. For output 1, the with-project scenario envisages rehabilitating and widening around 214 
km of provincial highways followed by a condition-responsive maintenance program. Of the eight 
project roads under the output 1, one (the Shah Alam–Sardaryab road) is already a dual 
carriageway, and another (the Haripur–Taxila road) will be dualized. The without-project scenario 
assumes that these roads will receive cost-lowering treatment consisting of repair work and an 
overlay costing $125,000 per km on a 10-year cycle (but no widening), followed by annual 
maintenance to repair potholes, edge breaks, and cracking.  

4. The PKHA originally selected 11 roads for rehabilitation based on a ranking process 
using the Highway Development and Management Model software (HDM-4) and the existing road 
asset management system database, which covers over two-thirds of the network. This was 
subsequently reduced to eight roads. These roads are among the highest ranking provincial roads 
when ranked by their benefit–cost ratio, and all have an economic internal rate of return (EIRR) 
greater than the 9% social discount rate used by the Asian Development Bank (ADB).  

5. For the PBM component of output 2, PKHA local consultants undertook analysis using 
HDM-4 and found that the rate of return on minor works (e.g., patching) was very high. This should 
also be the case for the PBM packages. The advantage of PBM contracts is their ability to ensure 
that sufficient resources are deployed in a timely manner so that the road does not deteriorate 
prematurely. Roads to be contracted out for PBM are already in maintainable condition, requiring 
some repair work but not meriting full rehabilitation. PBM will keep these roads in good condition.  

6. The capacity building components of output 2 will provide the PKHA with the tools to 
manage their assets more effectively. With assets valued at around $500 million and an annual 
maintenance budget of just under $1 million, the PKHA only requires a small increase in efficiency 
to justify the proposed expenditure.  

http://www.adb.org/Documents/RRPs/?id=47360-002-3
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B. Traffic Forecasts 

7. To forecast traffic on the roads selected for rehabilitation, baseline data were first 
collected. Whereas the short list was selected using data collected in 2013, new data were sought 
to undertake a detailed evaluation of the selected roads (Table 1).  

Table 1: Traffic Counts (Annual Average Daily Traffic) 
Road Section 2013 2017 

Shah Alam–Sardaryab 11,400 34,092 

Haripur–Taxila 5,700 6,521 

Mardan ring road 8,002 8,808 

Adina–Yar Hussain NA 7,595 

Maqsood–Kohala 7,934 2,180 

Kharirabad–Nizampur 632 2,798 

Umarzai–Sherzhar 2,188 8,585 

Risalpur–Jehangira NA 5,162 

NA = not available.  
Source: Asian Development Bank consultant surveys. 

 
8. Traffic data were also collected for the PBM roads (Table 2). The traffic composition was 
estimated by reference to comparable output 1 roads.  

Table 2: Traffic Counts on Roads for Performance-Based Maintenance  
Road Section Length 

(kilometers) 
Traffic 

(Annual Average Daily Traffic) 

Charsadda–Mardan 18 8,237 

Nowshera–Charsadda–Tangi 46 6,753 

Ghazi–Panian 40 1,138 
Source: Asian Development Bank consultant estimates 

9. Traffic forecasts were made based on predicted population growth rates, gross domestic 
product (GDP), and new vehicle purchases (Tables 3 and 4). The road prioritization undertaken 
by the PKHA used traffic growth rates ranging from 2% for two-axle trucks to 7% for small cars, 
with the average rate of around 4%. This is consistent with Pakistan’s economic growth of around 
4% during 2011–2015, with differential rates based on the assumption that growth in passenger 
vehicle traffic will exceed that of freight, and that heavy goods vehicles will gradually move to 
more axles. ADB estimates that Pakistan’s GDP growth rate will reach 4.8% in 2017, 4.5% 
through 2022, and just over 5.0% thereafter.1  

Table 3: Population Growth Rates 
Period Increase Comment 

1972–1981 2.87% Inter-census period 
1981–1998 2.69% Inter-census period 

2008 2.08% Year-on-year 
2016 1.89% Year-on-year 

Source: Government of Khyber Pakhtunkhwa, Department of Statistics. 

 

 
                                                      
1 ADB. 2016. Long-Term Projections of Gross Domestic Product (GDP) for Developing Member Countries (DMCs). 

Manila. 
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Table 4: Vehicle Registrations, 2001–2015 
 

Vehicle type Growth 

Motorcycles 12.8% 
Cars and taxis 5.5% 
Buses and trucks 4.3% 
All vehicles 9.8% 

Source: Government of Khyber Pakhtunkhwa, Department of Statistics. 

 
10. Vehicle ownership has grown considerably over the last 10 years, generally exceeding 
GDP growth, and this is expected to continue. Traffic growth has been assumed to be less than 
the growth in ownership, implying declining marginal use as ownership increases. International 
research indicates a relationship between GDP growth and traffic growth with an elasticity of just 
over 1.0. The assumed traffic growth rates imply a traffic elasticity of 1.2 for private vehicles (and 
hence a traffic growth rate of 6%) and an elasticity of 0.95 for freight and public transport (a growth 
rate of 4.75%).  

11. In addition to a traffic increase due to general economic growth, the project roads will 
attract generated traffic. This is expected to be significant in the case of the Haripur–Taxila road 
where the provincial road is shorter but more congested than the national highway alternatives. 
Generated traffic on this road is expected to grow by 30%. Generated traffic on other roads is 
expected to be small, at 10%. This was subject to sensitivity testing. The traffic forecasts with and 
without the project are shown in Table 5. Due to their location, it is unlikely that tolls (if introduced) 
would significantly impact traffic flows (except possibly on the Taxila–Haripur road).  

Table 5: Forecast Annual Average Daily Traffic, 2017–2035  
(With- and Without-Project Scenarios) 

 With Project Without Project 
Road Section 2017 2025 2035 2017 2025 2035 

Roads for Rehabilitation     

Shah Alam– 
Sardaryab 

14,602 25,235 44,454 14,602 22,941 40,413 

Haripur–Taxila 6,442 12,866 22,073 6,442 9,897 16,979 

Mardan ring road 8,414 14,291 24,668 8,414 12,992 22,426 

Adina–Yar Hussain 6,717 11,462 19,892 6,717 10,420 18,083 

Maqsood–Kohala 1,727 2,951 5,130 1,727 2,683 4,664 

Kharirabad–Nizampur 2,802 4,757 8,205 2,802 4,324 7,459 

Umarzai–Sherzhar 9,393 16,328 28,958 9,393 14,843 26,326 

Risalpur–Jehangira 5,838 10,143 17,980 5,838 9,221 16,346 

Roads for Performance-Based Maintenance    

Charsadda–Mardan 8,237  13,391  23,981  8,237  13,129  23,511  
Nowshera–
Charsadda–Tangi 6,753  10,871  19,468  6,753  10,763  19,275  

Ghazi–Panian 1,138  1,904  3,411  1,138  1,814  3,248  

Source: Asian Development Bank consultant estimates. 

 

12. None of the roads are expected to exceed their capacity during the analysis period. The 
Shah Alam–Sardaryab, Charsadda – Mardan and Charsadda– Tangi roads are dual carriageway, 
while the project will dualize the Haripur–Taxila road. There may be benefits from reduced 
congestion on this road but these have not been included in the analysis, for conservativeness. 
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C. Economic Costs 

13. Project economic costs were estimated using a domestic price numeraire, and include 
the cost of resources for road improvement and maintenance, equipment, and consulting 
services. Financial costs were converted to economic costs following the method described in 
ADB’s Guidelines for the Economic Analysis of Projects (ADB Guidelines), and consider value-
added tax and sales taxes, the proportion of costs that are tradeable, land costs, design and 
supervision costs, contingencies, profit, and the cost of components.2 A shadow exchange rate 
factor (SERF) of 1.03 was used to convert the cost of imported items (less taxes) to domestic 
prices. The SERF was calculated using the trade weighted formula presented in Appendix 12 of 
ADB’s Guidelines. Shadow wage rate factors of 0.8 for unskilled and 1.0 for skilled labor have 
been assumed based on the assumption that unskilled labor is fully occupied during the harvest 
but that unemployment exists at other times.  

14. As a domestic price numeraire has been adopted, costs of tradable items (estimated to 
be 70% of the total cost) have been multiplied by the SERF. Domestic non-traded prices are 
included at their market value (less value-added tax and sales tax). The economic costs for each 
road section are shown in Tables 6 and 7. 

Table 6: Output 1 Cost Estimates 
 

Road Section Length 
(kilometers) 

Economic cost  
($ million) 

Shah Alam–Sardaryab 12 16.1 
Haripur–Taxila 22 31.2 
Mardan ring road 34 16.3 
Adina–Yar Hussain 25 11.8 
Maqsood–Kohala 35 24.0 
Kharirabad–Nizampur 22 17.8 
Umarzai–Sherzhar 29 14.2 
Risalpur–Jehangira 30 20.4 

Source: Asian Development Bank consultant estimates. 

Table 7: Performance-Based Maintenance Economic Cost Estimates 
 

Road Section Length 
(kilometers) 

Capital cost 
($ million) 

Maintenance cost 
($ million) 

Charsadda–Mardan 18 0.35 1.22 

Nowshera–Charsadda–Tangi 46 0.89 2.33 

Ghazi–Panian 40 2.66 1.46 
Source: Asian Development Bank consultant estimates. 

D. Economic Benefits 

15. Road agency benefits. Road agency benefits from output 1 comprise reduced routine 
and periodic maintenance compared to the without-project case. Without the project, roads or 
road sections will receive resurfacing (or the equivalent) at a cost of $125,000 per km in a 10-year 
cycle followed by routine maintenance under the province’s annual program. In the case of 
output 2, maintenance expenditure is higher in the with-project case but the residual value of the 

 
                                                      
2 ADB. 2017. Guidelines for the Economic Analysis of Projects. Manila. 
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road at the end of the contract will be higher and thus the future rehabilitation/renewal cost will be 
lower. This difference in residual value has been included as a benefit in the analysis. 

16. Routine maintenance is undertaken on a planned rather than a needs basis and, apart 
from the first 5 years after construction, is assumed to be $4,500 per km in both the with- and 
without-scenario cases.  

17. User benefits. The principal sources of economic benefits for users are VOC and travel 
time savings. VOC savings comprise the largest category of benefits, accounting for 85% of total 
benefits, and arise from the improved road conditions resulting from the civil works carried out 
under the project. VOCs are dependent on road roughness and are calculated for each vehicle 
type using the HDM-4. Table 8 shows the VOC for representative vehicle types for different 
roughness values (expressed using the International Roughness Index). VOC savings were 
converted to economic benefits by multiplying by the SERF, as most costs (e.g., fuel, tires, and 
spare parts) are tradable, and given the use of the domestic price numeraire.  

18. Improvement of the road sections yields time savings due to better road conditions. The 
value of travel time savings used varies with the vehicle type and travel purpose. For the analysis, 
the value of time was estimated at $0.9 per hour for business travel by bus or motorcycle, and 
$2.0 per hour by car (per passenger in each case), the differential reflecting the average income 
of the different groups. Following established practice, the value of non-business travel was taken 
to be 25% of that of business travel. Since VOCs include freight driver wages and vehicle 
ownership costs, these were not reflected under time savings, to avoid double counting. User time 
savings were not subject to shadow pricing, as the economic analysis used the domestic price 
numeraire, and user time is non-tradable. Benefits to generated traffic were calculated using the 
“rule of a half”. 

19. The design life of the pavement component for proposed works under both output 1 and 
2 is 10 years. It is assumed that after 10 years the roads will be rehabilitated with an overlay 
(shown in 2031 in All the roads exceed 9% economic rate of return as shown by Table 10. 

20. Table 9), and that the roads will require major work after 20 years. The PBM roads will 
have significant residual value after 5 years (higher in the with-project case), but the residual value 
at 20 years is assumed to be zero.  

Table 8: Vehicle Operating Costs as a Function of the International Roughness Index  
($0.01 per kilometer) 

IRI 

 

Cars 
Small–

medium 
buses 

Large 
buses 

Light–
medium 
trucks 

Heavy 
trucks 
(three 
axles) 

Heavy 
(more 
than 
three 
axles) 

M/C Tractor 

2  21.9 79.7 108.0 98.7 116.4 113.6 4.5 31.7 

5  23.5 85.7 118.6 98.9 122.1 116.6 4.7 32.5 

8  25.3 92.2 130.2 99.2 128.0 119.7 4.8 33.4 

12  27.9 101.5 147.4 99.5 136.4 123.9 5.1 34.5 

16  30.7 111.9 166.9 99.9 145.3 128.3 5.4 35.8 

IRI = International Roughness Index, M/C = motorcycle  
Source: Highway Development and Management Model analysis. 
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E.  Results of Economic Analysis 

21. The economic analysis was carried out following ADB’s Guidelines comparing with- and 
without-project scenarios using a 9% discount rate. All the roads exceed 9% economic rate of 
return as shown by Table 10. 

22. Table 9 compares the project costs and benefits for the project as a whole. The economic 
analysis was undertaken for each of the eight road subprojects, comparing the with- and without-
treatment options in each case. All the roads exceed 9% economic rate of return as shown by 
Table 10. 

Table 9: Overall Cost and Benefit Flows 
($’000, 2017 prices) 

  Road Agency Costs Savings in Road User 
Costs 

 

Total 
Net 

Benefits 

 
Capital Costs Recurrent Costs 

Year with without with without VOC Time 

2018 40,756 0 1,432 1,418 0 -295 -41,065 

2019 59,216 0 1,432 1,418 755 -214 -58,689 

2020 51,814 0 1,432 1,418 1,110 -185 -50,903 

2021 0 26,000 1,432 1,418 21,567 2,609 50,162 

2022 0 3,905 1,432 1,418 12,315 1,823 18,029 

2023 0 0 950 1,418 11,426 1,731 13,625 

2024 0 0 950 1,418 12,602 1,910 14,980 

2025 0 0 950 1,418 13,889 2,107 16,464 

2026 0 0 1,418 1,418 15,297 2,324 17,621 

2027 0 0 1,418 1,418 16,838 2,563 19,401 

2028 0 0 1,418 1,418 18,523 2,825 21,348 

2029 0 0 1,418 1,418 20,364 3,114 23,478 

2030 0 0 1,418 1,418 22,377 3,432 25,809 

2031 29,608 26,000 1,418 1,418 24,575 3,782 24,749 

2032 0 0 1,418 1,418 37,588 4,605 42,193 

2033 0 0 1,418 1,418 40,913 5,054 45,967 

2034 0 0 1,418 1,418 44,526 5,546 50,072 

2035 0 0 1,418 1,418 48,449 6,085 54,534 

2036 0 0 1,418 1,418 52,710 6,676 59,386 

2037 0 0 1,418 1,418 57,337 7,324 64,661 

2038 0 0 1,418 1,418 62,360 8,035 70,395 

2039 0 0 1,418 1,418 67,750 8,804 76,554 

2040 0 0 1,418 1,418 73,181 9,583 82,765 

      NPV @ 9%  $98,013 
      EIRR  15.6% 

EIRR = economic internal rate of return, NPV = net present value, VOC = vehicle operating cost. 
Source: Asian Development Bank consultants. 
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Table 10: Results by Individual Roads 

  

NPV  
($ million) 

EIRR 
(%) 

Roads for Rehabilitation   

Shah Alam–Sardaryab 4,892 12 

Haripur–Taxilla  13,803 13 

Mardan ring road 29,801 23 

Adina–Yar Hussain  9,531 17 

Maqsood–Kohala  199 9 

Kharirabad–Nizampur 3,142 11 

Umarzai–Sherzhar 21,939 21 

Risalpur–Jehangira 6,807 13 

Roads for Performance-Based Maintenance  

Charsadda–Mardan 306 33 

Nowshera–Charsadda–Tangi 910 37 

Ghazi–Panian 291 13 
EIRR = economic internal rate of return, NPV = net present value 
Source: Asian Development Bank consultants. 

23. A sensitivity analysis was undertaken to determine the project’s robustness to changes 
in key assumptions. Table 11 shows that the total cost can increase significantly and the benefits 
decrease without seriously affecting project viability. A 1-year delay in road opening has little 
effect on the project’s economic viability. 

Table 11: Results of Sensitivity Analysis 

 

Change 
(%) 

EIRR 
(%) 

NPV  
($’000) 

Switching 
Value 
(%) 

Base case  15.6% 98,013  

Increase in capital cost 20 13.2% 70,793 72% 

Reduction in traffic 20 13.2% 57,081 -48% 

Reduction in traffic generation 20 15.6% 97,195 NA 

Reduction in VOC 20 13.5% 61,851 -54% 

Reduction in VOT savings 20 15.3% 93,243 NA 

1-year delay in road opening  14.728 10,113 NA 

EIRR = economic internal rate of return, NA = not applicable, NPV = net present value, VOC = vehicle operating 
cost, VOT = value of time. 
Source: Asian Development Bank consultants.  

F. Financial Sustainability 

24. A review of the PKHA’s financial position indicates that the province should be able to 
allocate sufficient funds to road maintenance to ensure that the assets can be sustained. The 
current maintenance budget is less than 10% of the PKHA’s budget and is funded from a 
combination of own revenues and allocations from the Government of Khyber Pakhtunkhwa. In 
previous years when the length of road to be maintained under the PKHA’s budget increased, the 
government increased the maintenance budget. The project will reduce annual and periodic 
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maintenance requirements for the project roads at least in the first 10 years and thereby improve 
the PKHA’s financial position.  

25. The PKHA undertook a program analysis using the HDM-4, and found that the network 
could be sustained at the current funding level, but that the average road condition would remain 
poor. The analysis suggests that a reasonable estimate for the maintenance backlog is about 
$140 million, and that long-term maintenance expenditure should be around $6,000 per km 
(compared to current expenditure of $4,500 per km). The PKHA raises some of its revenues from 
tolls, but the number of toll sites is limited, forcing the PKHA to depend heavily on allocations from 
the provincial budget. Introducing tolls on rehabilitated roads would help ensure that the roads 
can be properly maintained in the future. Using current rates, tolls from the project roads are likely 
to exceed the ongoing maintenance costs on those roads, even if motorcycles and cars are not 
charged. The current rates are less than the VOC savings from a well-maintained road.  

26.  It is unlikely that tolls would enable the province to obtain a commercial return from the 
roads. The investment is intended to provide a basic service to the province, with any revenue 
from tolls being used to help ensure that the roads will be maintained.  


