
CAREC Corridor 6 (Ayni-Uzbekistan Border Road) 
Improvement Project  (RRP TAJ 45432) 

 
ECONOMIC AND FINANCIAL ANALYSIS 

 
A. Project Overview 
 
1. Project. The project will improve the 113 kilometer (km) Ayni–Panjakent–Uzbekistan 
border road that connects with the Central Asia Regional Economic Cooperation (CAREC) 
Corridor 6 in both Tajikistan and Uzbekistan. Its importance as a route for Tajik imports and 
exports was well established in the former Soviet Union, when it carried a significant 
proportion of Tajikistan’s road-based exports and imports. The countryside traversed by the 
road has a mixture of mountainous areas, agricultural (growing potatoes, cotton, and fruit, 
mostly for domestic consumption) and industrial uses (particularly mining-related industries). 
The biggest towns along the corridor are Ayni and Panjakent. The area’s main industry is a 
growing gold mine about 20 km east of Panjakent, which is responsible for an expanding 
proportion of Tajikistan's trade. The project road links to the Uzbekistan border through the 
Sarazm border crossing point, which is one of 29 prioritized border crossings in the CAREC 
program. Currently, the border crossing is closed, but discussions are ongoing to open this 
crossing. In the past, the crossing was particularly important for regional trade between 
Panjakent and Samarkand. At that time more than 1,000 vehicles crossed the border daily. 
 
2. The design for the improved road includes following main elements: 

(i) rehabilitation of the existing road, including reconstruction where required; 
(ii) replacement of four major bridges and upgrading of 27 small to medium-sized  

bridges;  
(iii) minor re-alignment of the road to remove safety risks; 
(iv) provision of additional measures to reduce the impact of rockfalls and 

avalanches; and 
(v) road safety measures at key locations. 

 
3. To reduce the costs of the overall scheme, only very limited widening and 
straightening has been included, with the current functional road standard retained. 
 

Table 1: Road Conditions and Proposed Works 
IRI Road Section Existing Condition After Project 

Before After 
Section 1 
Sarazm–Panjakent 
 

20 km of two-lane asphalt 
pavement; 5%-10% pavement 
failure; five bridges 

Width unchanged; 
reconstructed asphalt 
surfacing; bridges upgraded 

7 2 

Section 2 
Panjakent–Marghedar 
 

35 km of two-lane asphalt 
pavement; 10%-15% pavement 
failure; 13 bridges 

Width unchanged; 
reconstructed asphalt 
surfacing; bridges upgraded 

9 2 

Section 3 
Marghedar–Urmetan 
 

28 km of two-lane asphalt 
pavement; 10%-15% pavement 
failure; seven bridges 

Partial widening; 
reconstructed asphalt 
surfacing; bridges upgraded 

13 2 

Section 4 
Urmetan–Ayni 

30 km of two-lane mostly asphalt 
pavement; extremely deteriorated 
pavement, mountainous section 
passable only at reduced speed; 
six bridges 

Re-instatement of standard 
width; reconstructed asphalt 
surfacing; bridges upgraded 

15 3 

IRI = international roughness index, km = kilometer.      
Source: ADB. 2012. Roads Improvement Project. Consultant’s report. Manila. (TA 8052-TAJ) and Ministry of 
Transport. 
 
4. Methodology. The economic analysis of the project has been carried out in 
accordance with Asian Development Bank (ADB) guidelines.1 The methodology follows the 
standard practice of comparing life cycle road agency and user costs with and without the 
project for the 23-year period (2013–2035), using a net present value (NPV) at 12% discount 
and the economic internal rate of return (EIRR) as decision criteria. A spreadsheet-based 
appraisal framework was used in order to allow the incorporation of risk analysis techniques. 

                                                 
1 ADB. 1993. Guidelines for the Economic Analysis of Projects. Manila. 
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This framework utilizes many of the relationships and formulae incorporated in the Highway 
Development and Management System (HDM4) developed by the World Bank. The analysis 
focuses on transport costs savings, although value added from better transport links resulting 
in expansion of existing and new industries and employment were expected to be significant 
and have therefore been quantified separately.  
 
5. For the without-project scenario, a “do minimum” base case using existing levels of 
maintenance was assumed, which at present does not amount to a full condition-responsive 
program. At the assumed level of maintenance, the pavement condition model used predicts 
that the international roughness index value will gradually deteriorate. Three pavement 
scenarios have been tested, as follows: 
 

(i) a single asphalt layer throughout, with an additional layer between km 0 and 
km 47 and within Panjakent Town only, 

(ii) a single asphalt layer throughout, and 
(iii) a double asphalt layer throughout. 

 
B. Road Condition and Traffic Volume 
 
6. Road condition. The condition of the existing highway was assessed, based on site 
surveys and investigations. A topographic survey was undertaken to estimate the quantities 
involved in any road widening and a survey of existing bridges was completed. The condition 
assessment reveals that the project road provides an unacceptable level of service for traffic, 
with potential safety hazards for both drivers and pedestrians. 
 
7. Traffic volume. Existing traffic is relatively low compared to the road functional class, 
ranging between 370 vehicles per day (vpd) on the quietest sections to 800 vpd around 
Panjakent. Traffic surveys were carried out at four locations (Figure 1) along the project road 
in April 2012. These replicate counts undertaken as part of previous studies and regular 
monitoring. The counts were factored up to annual average daily traffic using factors 
developed under TA for Strengthening Implementation of Road Maintenance.2  Growth in 
traffic is constrained by the closure of the border and poor conditions on links between Ayni 
and Dushanbe (capital of Tajikistan) and Khojand (Sughd provincial capital, second largest 
city). These conditions are expected to improve significantly and the resulting traffic increases 
have been built into the analysis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
2 ADB. 2003. Technical Assistance to the Republic of Tajikistan for Strengthening Implementation of 
Road Maintenance. Manila (TA 4294-TAJ). 

Traffic count site 

km = kilometer 
Source: ADB. 2012. Roads Improvement Project. Consultant’s report. Manila. (TA 8052-TAJ) and Ministry 
of Transport. 

Figure 1: Project Road - Schematic Map



3 

 

8. Traffic growth. There are two types of traffic on the project road—local and 
international. Local traffic includes traffic between the settlements in the project area, and to 
and from farming and industrial areas. Local traffic to and from Panjakent will be the main 
project beneficiary. International traffic is currently confined to that crossing the border with 
Kyrgyzstan and is limited by restrictions on cross-border movement. As these ease, 
international traffic will grow strongly. In addition, completion of the connecting tunnels at 
Shakristan (in the north) and Anzob (in the south) on CAREC Corridor 6 in Tajikistan will spur 
transit traffic between the People’s Republic of China and Afghanistan and the People’s 
Republic of China and Iran using this route. Re-opening of the border at Sarazm will result in a 
return to high levels of cross-border trade between Panjakent and Samarkand. 
 
9. Future growth in traffic has been estimated based upon accepted forecasts for 
economic and population growth.  These have been taken from the International Monetary 
Fund, World Bank and Government of Tajikistan, to give three alternative scenarios. These 
forecasts for real GDP growth range between 5% and 7% in the next five years, falling 
gradually to between 4% and 6% over the longer term. 
 
10. Taking into account the shorter-term effects of border re-opening before 2015 and 
improvements at Shakristan and Anzob tunnels before 2013, and the longer-term effects of 
growth in local agricultural industries, massive traffic growth is expected in the appraisal 
period. Table 2 summarizes the central growth forecast (reflecting the World Bank’s forecast 
for the country’s economy). 
 

Table 2: Annual Average Daily Traffic by Road Section 
 Section 1 Section 2 Section 3 Section 4 
 Total % Trucks Total % Trucks Total % Trucks Total % Trucks 
2013 1,457 52% 1,650 45% 816 46% 1,013 38% 
2014 1,533 52% 1,733 45% 857 46% 1,063 38% 
2015 1,597 53% 1,804 46% 892 46% 1,105 39% 
2016 1,665 53% 1,878 46% 928 47% 1,149 39% 
2017 1,736 53% 1,955 47% 967 47% 1,195 40% 
2018 1,810 54% 2,036 47% 1,007 48% 1,243 40% 
2019 1,888 54% 2,121 47% 1,049 48% 1,293 40% 
2020 1,969 55% 2,209 48% 1,093 48% 1,345 41% 
2021 2,054 55% 2,301 48% 1,138 49% 1,399 41% 
2022 2,143 55% 2,398 49% 1,186 49% 1,457 42% 
2023 2,237 56% 2,499 49% 1,236 49% 1,517 42% 
2024 2,335 56% 2,605 49% 1,289 50% 1,579 42% 
2025 2,437 56% 2,716 50% 1,344 50% 1,644 43% 
2026 2,543 57% 2,831 50% 1,401 51% 1,712 43% 
2027 2,656 57% 2,953 50% 1,461 51% 1,784 43% 
2028 2,773 57% 3,080 51% 1,524 51% 1,859 44% 
2029 2,896 58% 3,212 51% 1,590 52% 1,937 44% 
2030 3,024 58% 3,351 51% 1,659 52% 2,018 44% 
2031 3,159 58% 3,496 52% 1,730 52% 2,103 45% 
2032 3,299 58% 3,647 52% 1,805 53% 2,192 45% 
2033 3,446 59% 3,805 52% 1,884 53% 2,284 45% 
2034 3,600 59% 3,970 53% 1,966 53% 2,381 46% 
2035 3,761 59% 4,143 53% 2,051 54% 2,482 46% 

Source: ADB. 2012. Roads Improvement project. Consultant’s report. Manila. (TA 8052-TAJ) and Ministry of 
Transport. 

 
11. For this study an elasticity of demand was used to relate the level of generated traffic 
to the cost reductions. Generated traffic was considered to be a significant element in the 
appraisal, given the investment and growth plans for the area.  
 
12. Road user costs. The poor condition of the project road has lowered travel speeds, 
increased fuel consumption, and raised vehicle operating costs. Road condition components 
of vehicle operating costs (VOCs), with and without the project, were based on the 
international roughness index (Table 1). For costs related to vehicle characteristics, the 
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standard traffic count vehicle classifications were used to identify representative vehicles for 
eight vehicle types. Other cost components (prices of vehicles and other inputs, vehicle 
utilization, and values of time) were based on figures developed by previous ADB studies,3 
updated to reflect current prices. All prices are in constant US dollars, net of taxes. 
 
13. Road agency costs. Road improvement costs have been established separately for 
each road section on the basis of the estimated bill of quantities. Unit costs for construction 
work are based on the prices for recent bids in the country. A normal 10% physical 
contingency was included, while price contingency, interest during construction, and taxes and 
duties were excluded. Almost all construction inputs are considered to be tradable, including 
local labor, and it was not considered necessary to convert these from financial to economic 
costs by applying a standard conversion factor.  
 
14. Maintenance costs. In line with other recent studies in Tajikistan it has been assumed 
that there will be no change in maintenance costs as a result of the rehabilitation.  
 
C. Economic Benefits 
 
15. The main quantifiable benefits are savings in VOCs and travel time for existing traffic. 
The savings in VOCs are generated though better road conditions, time savings for motorists 
and reduced capital costs for vehicles. 
 
16. Other benefits assessed included the impact of traffic generated as a result of the road 
rehabilitation, the benefits accruing to traffic generated by additional economic activity in the 
area and agricultural producer surplus benefit accruing to local farmers. 
 
D. Economic Evaluation and Sensitivity Analysis 
 
17. The overall EIRR in the central case is 18.7% with an NPV of $42.3 million, as 
summarized in Table 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
3  ADB. 2008. Technical Assistance to the Republic of Tajikistan for Preparing the Transport Sector 

Master Plan. Manila (TA 4926-TAJ); ADB. 2008. Technical Assistance to the Republic of Tajikistan 
for Preparing the CAREC Transport Corridor III (Dushanbe-Uzbekistan Border Road) Project. Manila 
(TA 7080-TAJ); and ADB. 2003. Technical Assistance to the Republic of Tajikistan for Strengthening 
Implementation of Road Maintenance. Manila (TA 4294-TAJ). 
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Table 3: Economic Internal Rate of Return  

($) 

( ) = negative number, EIRR = economic internal rate of return, NPV = net present value, VOC = vehicle operating 
cost. 
Source: ADB. 2012. Roads Improvement project. Consultant’s report. Manila. (TA 8052-TAJ) and Asian 
Development Bank estimates. 

 
18. Sensitivity analysis was undertaken to ascertain the sensitivity of the conclusion to key 
assumptions. The results are in Table 4. The switching value is the change in the parameter 
needed to reduce the NPV to zero. As can be seen from these results, in the worst case 
scenario of low growth and high construction costs, an EIRR of 15.9% is generated, which is 
still well above the usual thresholds that are applied. The sensitivity analysis shows that the 
proposed project is robust over the likely range of key adverse variables. 

Capital Cost 
 

Transport Benefits Year 

Road Bridges VOC Travel 
Time 

Generated 
Traffic 

Benefits 

Mining 
Traffic 

Benefits 

Agricultural 
Producer 
Surplus 

Net 
Benefits 

2013 20,108,614 970,661 0 0 0 0 0 (21,079,275) 

2014 32,173,782 6,794,629 0 0 0 0 0 (38,968,411) 

2015 28,152,059 1,941,323 2,795,745 1,190,285 285,126 230,374 3,865,394 (21,726,459) 

2016   6,418,168 2,459,272 594,426 483,784 4,135,972 14,091,623 

2017   6,865,218 2,542,832 619,865 507,974 4,425,490 14,961,377 

2018   7,719,139 2,629,291 646,446 533,372 4,735,274 16,263,523 

2019   8,448,088 2,718,754 674,224 560,041 5,066,743 17,467,850 

2020   8,843,936 2,811,326 703,253 588,043 5,421,415 18,367,973 

2021   9,258,837 2,907,119 733,592 617,445 5,800,914 19,317,907 

2022   9,395,068 3,008,833 765,519 648,317 6,148,969 19,966,707 

2023   9,837,476 3,114,177 798,897 680,733 6,517,907 20,949,191 

2024   10,166,593 3,223,283 833,793 714,770 6,908,982 21,847,420 

2025   10,465,652 3,336,289 870,278 750,508 7,323,520 22,746,248 

2026   10,482,237 3,453,337 908,427 788,034 7,762,932 23,394,967 

2027   11,724,546 3,577,635 948,577 827,436 8,228,708 25,306,901 

2028 7,840,000  11,977,292 3,706,490 990,569 868,807 8,722,430 18,425,589 

2029   12,907,050 3,840,071 1,034,491 912,248 9,245,776 27,939,635 

2030   13,520,613 3,978,556 1,080,432 957,860 9,800,522 29,337,983 

2031   14,667,976 4,122,129 1,128,488 1,005,753 10,388,554 31,312,900 

2032   15,366,724 4,270,980 1,178,758 1,056,041 10,907,981 32,780,483 

2033   15,635,568 4,425,306 1,231,347 1,108,843 11,453,381 33,854,444 

2034   16,237,335 4,585,314 1,286,365 1,164,285 12,026,050 35,299,349 

2035  (4,853,306) 17,012,508 4,751,217 1,343,926 1,222,499 12,627,352 41,810,809 

Total 88,274,455 4,853,306 229,745,768 70,652,497 18,656,797 16,227,167 161,514,265 403,668,733 

    NPV  42,362,258 

      IRR  18.7% 



CAREC Corridor 6 (Ayni-Uzbekistan Border Road) 
Improvement Project  (RRP TAJ 45432) 

 
Table 4: Sensitivity Analysis 

Growth Total Growth Cost Construction Cost 
($) 

IRR Switching Value 

Central 281% Central 90,141,067 18.7% … 

Central 281% Low 81,126,961 20.4% (110%) 

Central 281% High 99,155,174 17.1% (117%) 

Low 230% Central 90,141,067 17.4% 262% 

Low 230% Low 81,126,961 19.1% (102%) 

Low 230% High 99,155,174 15.9% (116%) 

High 350% Central 90,141,067 19.7% 455% 

High 350% Low 81,126,961 21.5% (109%) 

High 350% High 99,155,174 18.2% (131%) 

… = data not available, ( ) = negative number, IRR = internal rate of return. 
Source: ADB. 2012. Roads Improvement project. Consultant’s report. Manila. (TA 8052-TAJ) and Asian 
Development Bank estimates. 

 
19. Risk analysis has also been undertaken using the @RISK package. A Monte Carlo 
simulation was created by generating a set of sensitivity analysis data based on expected 
fluctuations in the key parameters. These parameters included construction cost, the 
completion or otherwise of key supporting investments, re-opening of the border, alternative 
economic growth assumptions and importantly the effect of infrastructure failure (i.e., bridge 
structural failure) in the “do nothing” scenario. The risk analysis yielded a minimum EIRR 
value of around 12.5%, with a 95% probability that the EIRR will be above 15.0%, as 
illustrated in Figure 2. 
 
 

Figure 2: Internal Rate of Return Probability Profile
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20. Project financial sustainability is deemed strong given the project financing scheme, 
i.e., funding for the works will come directly from external sources and therefore any issues 
regarding funding availability within the government will have a negligible impact. MOT road 
maintenance funding has increased by an average of 17% annually during 2004–2012, with 
TJS46.8 million ($9.8 million equivalent) in 2012. While this accounts for about one third 
of nationwide maintenance needs due to the government’s fiscal constraints, this budget 
outlay will continue to increase by about 15% per year during 2012-2016. In addition, an 
automated road databank to be developed under an ongoing ADB project will help validate 
the maintenance budget, and a contract management system to be developed under the 
same project will contribute to improving sustainability of road projects. 4  Moreover, the 
project aligns well with government and other donor activities in the project area and will be 
able to draw upon these complementary activities to ensure project sustainability. In 
particular, the work of the Rural Growth Program and the upcoming Growth in Rural 
Economy and Agriculture in Tajikistan projects will provide strong support in terms of micro-
finance availability, vocational training, participatory planning and work with local community 
groups. These initiatives will ensure that some agricultural growth takes place, and will 
provide mechanisms for the operation and maintenance of key project elements.  
 
21. Conclusion. Analysis results show that the rehabilitation and reconstruction of the 
Ayni-Uzbekistan Border road is economically justified with an EIRR of 18.7%.  

                                                 
4 ADB. 2010. Report and Recommendation of the President to the Board of Directors: Proposed Grant 
to the Republic of Tajikistan for the CAREC Corridor 3 (Dushanbe–Uzbekistan Border) Improvement 
Project. Manila. 


