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ECONOMIC ANALYSIS 
 

A. Introduction 
 
1. The economic internal rate of return (EIRR) for the project is calculated as the difference 
between the capital and road user costs with and without the project. Calculations have been 
made for a 24-year period starting 2009. Road improvements are assumed to be completed in 
2012, giving a benefit period of 20 years. No benefits have been included for sections of the 
roads that are completed before the end of the overall construction period. Similarly, no costs to 
road users caused by disruptions to traffic during construction have been included. 
 
B. Prices 
 
2. Costs and benefits have been calculated using economic costs based on border prices 
for traded goods and services and domestic market prices net of taxes and subsidies for non-
traded items. The prices are for mid-2009 using the United States dollar as the unit of currency. 
Fuel prices have been volatile in recent years, reflecting major changes in the price of crude oil, 
and the current price may not represent an appropriate price to use as the price in real terms 
over the evaluation period. The future pressure of demand and the limit on supply are expected 
to increase the oil price above current levels. A long-term average crude oil price of $100 per 
barrel in current price terms has been assumed. This is consistent with border prices of about 
$0.68 per liter for diesel fuel and $0.65 per liter for petrol. Although fuel is an important 
component of vehicle operating costs (VOCs), it does not dominate the total, even with the 
relatively high fuel prices assumed. Passenger time values are likely to increase in real terms, in 
step with increasing per capita income, and an allowance has been made to reflect this. On the 
other hand, there is considerable underemployment in Cambodia among unskilled laborers. 
This is reflected in adopting a shadow price of 0.75 of the market rate for unskilled labor. 
 
C. Traffic Demand Analysis 
 
3. Traffic estimates were made for each road section evaluated. Base year traffic levels 
were estimated from 2-day manual classified counts carried out on all roads, with more than one 
count site used in some cases. These were verified by moving observer counts, which were 
used to check on changes in traffic flow along the roads, and then adjusted to an annual 
average daily traffic basis. Traffic growth was forecast by applying elasticities of demand for 
transport with respect to gross domestic product (GDP) growth, with growth rates forecast for 
three separate time periods over the evaluation period. The range of growth rates was from 
3.6% per year for freight vehicles in the immediate future, to 12% per year for motorcycles in the 
medium term. In addition to this normal traffic growth, it was assumed that traffic would increase 
by up to 30% following the sealing of roads, to allow for the impact of road user cost reductions 
and all-weather accessibility. 
 
D. Evaluation Model 
 
4. The economic analysis of upgrading the roads is based on the Highway Development and 
Management Tool HDM-4. The latest version available (version 2.05) has been used in this study. 
The model simulates the road condition for each road section, year-by-year, considering (i) road 
deterioration, which is the prediction of pavement deterioration and surface roughness; (ii) works 
effects, whereby the effects of road works on pavement condition are simulated and the 
corresponding costs determined; and (iii) road user effects, with the costs of vehicle operation and 
travel time being determined to estimate the costs and benefits of alternative road improvement and 
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maintenance strategies. 
 
E. Benefits 
 
5. Three types of benefits are considered: (i) the residual value of the works, (ii) savings in 
travel time, and (iii) road user savings. The residual value of the project at the end of the 
evaluation period is estimated at 25% of capital costs, reflecting the fact that much of the cost is 
in the base course rather than the surfacing, and a significant part of this material could be 
recovered. 
 
6. Travel time savings are the result of the increase in vehicle speeds on the improved 
roads. The estimate of such savings is based on GDP per head of the working population, and 
the International Monetary Fund 1 estimated per capita GDP at current prices to be $853 in 
2009. Assuming that 45% of the population is economically active and on average work 2,000 
hours per year, the average hourly income in 2009 becomes $0.95. This is much higher than 
typical rural incomes in Cambodia and a value of $0.5 per hour has therefore been used for the 
working time of motorcycle users and public transport passengers. For passengers in cars and 
4-wheel drive vehicles, which typically are in the highest 20% income group, an average 
working time income of $2 per hour has been assumed. Non-work travel time (50% of total 
travel time for car and 4-wheel drive passengers and 30% for others) is valued at $0.3 per hour 
for car and 4-wheel drive passengers and $0.15 for other passengers. Freight time cost savings 
have not been considered. 
 
7. VOCs stem primarily from reduced surface roughness and increased travel speed on the 
improved roads. Using HDM-4, VOC savings are estimated for 14 vehicle types in common use 
in rural Cambodia, including conventional motorized vehicles, non-motorized vehicles, and 
unconventional motorized vehicles. Table 1 gives details on the vehicle types and their 
estimated VOCs for a range of roughness levels. 

Table 1: Vehicle Operating Costs Data 

Vehicle Characteristics VOC ($/km) 
Annual Utilization IRI (m/km) Vehicle Type ESA 

Service 
Life 

(years) Hours Km 
No. of 

Passengers

Economic 
Price 

($) IRI 3 IRI 6 IRI 12
Bicycle 0 10 150 2,500 1 40 0.03 0.04 0.05
Animal cart 0 6 1,300 4,000  300 0.11 0.13 0.16
Motorcycle 0 8 600 8,000 1.2 700 0.03 0.03 0.04
3-wheeler 0 8 600 8,000 1.2 850 0.04 0.05 0.05
Car 0 12 750 15,000 3 22,000 0.22 0.26 0.31
Jeep/4WD 0.01 10 750 15,000 2.5 66,500 0.32 0.42 0.56
Pick-up 0.05 10 1,250 25,000 1 20,000 0.29 0.34 0.47
Minibus 0.04 10 3,800 75,000 9 23,500 0.15 0.20 0.32
Bus 0.7 10 1,750 35,000 20 57,000 0.32 0.46 0.57
Small koyuna 0.05 10 400 6,000  1,500 0.05 0.06 0.08
Large koyuna 0.2 10 400 6,000  3,000 0.21 0.36 0.45
Light Truck 0.2 10 1,600 30,000  31,000 0.22 0.29 0.36
Medium Truck 0.8 12 2,000 40,000  42,000 0.29 0.38 0.51
Heavy Truck 3.5 12 2,400 45,000  110,000 1.04 1.32 1.53

ESA = equivalent standard axles, IRI = international roughness index, km = kilometer, m = meter, VOC = vehicle 
operating cost. 
a A small koyun is two-wheeled tractor with a single-axle trailer. A large koyun is a locally-made medium-sized 2-

axle truck produced from second-hand parts. These vehicles are much slower than conventional vehicles and are 
normally used for short distance freight and local passenger movements. 

Source: Asian Development Bank 
 

                                                           
1 International Monetary Fund. 2009. World Economic Outlook database. (April) 
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F. Project Costs 
 
8. Specific cost estimates have been produced for each road project based on the 
inventories derived from the engineering field surveys. The cost estimates include the double 
bituminous surface treatment pavement and the base course, plus allowances for repairs to 
minor structures and the sub-base. In the case of roads in the provinces of Battambang, 
Kampong Cham, Kampong Speu, and Siem Reap, it is assumed that a granular base course 
will be used, with a cement-stabilized base in the remaining provinces. 
 
9. The current bridges are adequate in most cases, with many newly constructed. Where 
bridges are inadequate, the cost of replacing them has been included in the project cost. 
Similarly, flood and riverbank erosion protection works have been included in the costs where 
considered necessary. These works add significantly to the overall cost per kilometer in some 
cases. No land acquisition or resettlement costs are expected and only minor environmental 
mitigation measures are expected to be required, and an allowance for any costs is included in 
the contingencies. 
 
10. The overall economic costs used for the evaluation range from $55,000 to $100,000 per 
kilometer. The financial and economic costs for each project road are shown in Table 2. 

Table 2: Road Improvement Costs ($ per km) 

Road No. and Name Financial Economic 
370 Tbong Khmum–Ou Reang Ov 78,594 62,875 
371 Peus Pir–Kdol Leu (Trea) 119,800 95,840 
373C Memot (NR7)–Kabas 93,361 74,689 
2620 and 2KT2 NR62–Prasat Sambour–Sandan  87,903 70,322 
1KCH2 Phsar Pong Ror–Ra Krang Skear 85,259 68,207 
151C.1 Phsar Trach–Tbeng Khpos 90,914 72,731 
151C.2 Wat Tbeng Khpos–Spean Our Tatep 90,914 72,731 
151C.3 Spean Our Tatep–Phnom Prah Theat 90,914 72,731 
1KCH3 Spean Pour–Ra Meanor 108,541 86,833 
154D Boeng Khnar–Metoeuk 93,980 75,184 
152E NR5 (Beung Kantout)–Kampong Po 100,610 80,488 
155D Boeng Khnar–Taluo 125,926 100,741 
155C NR5 (Trpaing Chorng)–Bord Rumdoul (Phtah Roung) 82,427 65,942 
1PS2 Talou–Samraong Village 72,327 57,862 
1BB1 NR5 (Prey Svay)–Sdok Praveuk 108,589 86,871 
1BB2 NR5 (Railway)–Prek Chik–Chong Por 98,640 78,912 
1BB3 and 1BB4 NR5 (Chrey)–Talas–Karkos 98,976 79,181 
1KS3 Phsar Traepang Kraleung–Phsar Pang Kassey  96,709 77,367 
1KS4 Samki Reaksmey–Dak Por 69,018 55,214 
266E Puok–Angkor Chum 71,502 57,202 
266D and 2SR2 Leang Dai–Svay Sor 85,186 68,149 

km = kilometer, NR = national road. 
Source: Asian Development Bank  

 
11. In estimating road maintenance costs, the actual maintenance regime for the currently 
unsealed roads has been considered, comprising annual grading and ad hoc repair works plus 
periodic maintenance involving regravelling every 2–3 years. For the improved roads, it is 
assumed that routine maintenance is carried out as required according to the predicted surface 
condition. A single bituminous surface treatment reseal is assumed when 40% of the 
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carriageway is cracked, or after 8 years irrespective of surface condition. The unit costs for 
maintenance are shown in Table 3. 
 

Table 3: Road Maintenance Cost Rates 

Surface Type Work Item Unit Cost ($) 
Grading km 100.0 Unsealed road 
Regravelling m3 7.0 
Crack sealing m2 1.0 
Patching m2 4.2 
Edge repair m2 6.4 

Sealed road 

SBST reseal m2 2.5 
All surfaces Annual routine km 350 
km = kilometer, m2 = square meter, m3 = cubic meter, single bituminous surface treatment 
Source: Asian Development Bank. 

G. Economic Analysis 

12. The results of the economic evaluation for the individual project roads are summarized in 
Table 4. 

Table 4: Summary of Evaluation Results by Road Section 

Road No. and Name 
NPV 

($ million) 
EIRR 
(%) 

370 Tbong Khmum–Ou Reang Ov 18.279  67.3 
371 Peus Pir–Kdol Leu (Trea) 2.336  23.5  
373C Memot (NR7)–Kabas 2.509  27.2  
2620 and 2KT2 NR62–Prasat Sambour–Sandan  10.335  31.1  
1KCH2 Phsar Pong Ror–Ra Krang Skear 1.955  23.4  
151C.1 Phsar Trach–Tbeng Khpos 3.548  42.3  
151C.2 Wat Tbeng Khpos–Spean Our Tatep 0.482  21.8  
151C.3 Spean Our Tatep–Phnom Prah Theat 1.441 22.4  
1KCH3 Spean Pour–Ra Meanor 0.363  16.5  
154D Boeng Khnar–Metoeuk 0.106  13.8  
152E NR5 (Beung Kantout)–Kampong Po 0.266  17.4  
155D Boeng Khnar–Taluo 2.692  25.1  
155C NR5 (Trpaing Chorng)–Bord Rumdoul (Phtah Roung) 0.046 12.5  
1PS2 Talou–Samraong Village 0.817  21.7  
1BB1 NR5 (Prey Svay)–Sdok Praveuk 5.933  26.4  
1BB2 NR5 (Railway)–Prek Chik–Chong Por 0.905  18.9  
1BB3 and 1BB4 NR5 (Chrey)–Talas–Karkos 2.025  22.9  
1KS3 Phsar Traepang Kraleung–Phsar Pang Kassey  2.392  20.3  
1KS4 Samki Reaksmey–Dak Por 0.698  18.9  
266E Puok–Angkor Chum 7.222  41.7  
266D and 2SR2 Leang Dai–Svay Sor 16.479  46.3  
EIRR = economic internal rate of return, NPV = net present value, NR = national road. 
Source: Asian Development Bank. 

 
13. When all road sections are combined and evaluated as a single project, the EIRR is 
31.6% and the net present value $80.8 million. The annual cash flows of the total project are 
shown in Table 5. 
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Table 5: Total Project Annual Cash Flows ($ million) 

Costs Benefits 

Normal Traffic Generated Traffic Year Capital 
Works 

Recurrent 
Works VOC 

Savings 
Time 

Savings 

Non-Motorised 
Traffic Savings VOC 

Savings 
Time 

Savings 

Total 

2011 10.158  0.000 0.000  0.000  0.000 0.000 0.000 -10.158 
2012 24.120  -0.050 -6.530  -0.890  -0.055 0.000 0.000 -31.546 
2013 0.000  -0.050 6.606  1.513  0.068 0.499 0.102 8.836 
2014 -1.512  -0.050 9.633  2.034  0.084 0.746 0.151 14.210 
2015 -0.328  -0.050 6.190  1.664  0.059 0.463 0.105 8.858 
2016 -0.240  -0.050 9.491  2.206  0.073 0.740 0.157 12.956 
2017 -1.512  -0.050 12.942  2.859  0.087 1.022 0.217 18.689 
2018 -0.032  -0.050 8.170  2.260  0.061 0.626 0.148 11.346 
2019 -0.536  -0.050 13.798  3.226  0.083 1.090 0.239 19.022 
2020 -1.512  -0.050 18.907  4.195  0.103 1.505 0.328 26.601 
2021 6.777  -0.050 10.580  3.030  0.062 0.824 0.203 7.972 
2022 -0.536  -0.050 17.692  4.313  0.086 1.407 0.321 24.404 
2023 -1.512  -0.050 26.794  6.227  0.121 2.152 0.496 37.351 
2024 -0.032  -0.050 13.922  4.147  0.065 1.098 0.286 19.599 
2025 -0.536  -0.050 22.773  5.877  0.088 1.822 0.441 31.585 
2026 -1.512  -0.050 33.619  8.312  0.123 2.702 0.656 46.975 
2027 18.489  -0.050 18.403  5.691  0.067 1.458 0.399 7.578 
2028 -0.536  -0.050 38.654  9.476  0.120 3.111 0.740 52.685 
2029 -1.512  -0.050 45.711  11.482  0.134 3.686 0.907 63.481 
2030 -0.032  -0.050 28.409  8.341  0.078 2.276 0.606 39.792 
2031 -0.536 -0.050 55.795  14.465  0.139 4.502 1.141 76.628 
2032 -9.625  -0.050 65.982  17.528  0.155 5.334 1.399 100.072 
VOC = vehicle operating cost. 
Source: Asian Development Bank. 

 
14. The EIRR was analyzed with respect to changes in the benefit and cost streams by 
means of a sensitivity analysis and calculation of switching values, i.e., the percentage change 
in a variable that causes the EIRR to be 12%. The results are shown in Table 6. 

Table 6: Sensitivity Analysis 

Scenario EIRR Switching Value (%) 
Base case 31.6  
Costs +20% 28.4 316.6 
VOC –20% 28.6 -95.9 
Costs +20% and VOC –20% 25.6 … 
Base traffic –20% 26.4 -56.5 
Traffic growth –20% 27.7 -58.9 
No time benefits 27.6 … 
No generated traffic 30.0 … 

… = not applicable, EIRR = economic internal rate of return, VOC = vehicle operating cost. 
Source: Asian Development Bank. 

 
15. The EIRR is most sensitive to variation in traffic, either base year traffic or the traffic 
growth rate. Yet, either of these would have to decrease by almost 60% for the project to 
become unviable. Risk analysis shows that the likelihood of the project not reaching an EIRR of 
12% is less than 1%. 


