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Preface 

The Roads Authority of Namibia is a statutory body established in terms of the Roads Authority Act, Act 17 of 1999. 

Section 3 of the Act sets out the object of the Authority as follows: 

“Subject to this Act and the Road Fund Administration Act, the object of the Authority is to manage the national roads 

network in accordance with section 16 with a view to obtaining a safe and efficient road sector.” 

It is important to understand that “efficient” includes economic and financial efficiency as well as the common 

understanding of the word. 

Key clauses of the Roads Authority Act that are of particular relevance to operational issues are Section 15 wherein the 

Roads Authority’s functions are set out; and Section 16, which elaborates on one of these functions that being the 

management of the national road network including inter alia:  

 The planning, design, construction and maintenance of roads; 

 The quality control of materials required for the construction and maintenance of roads; 

 The supervision of work contracted out; and 

 The prescribing of minimum standards to achieve a safe road system and cause the least possible disruption to the 

environment. 

These four aspects of the Roads Authority’s mandate are complex and wide ranging. In order to assist it to comply with 

these obligations, the Roads Authority commissioned a suite of manuals applicable to road work and related matters. It 

consists of the following interlinked units: 

 
The Geometrics Manual is supported by the Standard Drawings and the Traffic Signs Policy. 

 Additional manuals, such as a Maintenance Manual, may in future be required. 

 

The Procedures Manual 

The Procedures Manual is the controlling document of the suite of manuals depicted above. It describes the duties and 

responsibilities of consultants contracted to the Roads Authority for the preparation of designs, tenders for, and supervision 

of construction of roads by contract. It is also relevant to other projects such as feasibility studies and other investigations 

and studies carried out on behalf of the Roads Authority. In short, it is relevant to all projects carried out by external service 

providers for the Roads Authority. 

Roads Authority personnel carrying out similar functions are also subject to the requirements of the Procedures Manual. 

Procedures Manual 

Construction 
Manual 

Drainage 
Manual 

Economic 
Evaluation 

Manual 

Environmental 
Manual 

Geometrics 
Manual 

Materials 
Manual 

Structures 
Manual 

Survey 
Manual 
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The manuals in general 

The purpose of the suite of manuals is three-fold: 

 To provide a basis for the attainment of uniformity of action of all persons carrying out design and related work for 

the Roads Authority, whether these be in-house personnel or external consultants; 

 To promote the attainment of uniformity between in-house personnel and external consultants in the handling of 

construction projects. 

 To set out the minimum standards and requirements of the Roads Authority, either directly in a specific manual or 

through its linkages with the other manuals in the suite. 

These manuals are to be seen as books of reference and instructions to be used in the planning, design and administration 

of projects. 

Both relevant in-house personnel and all consultants are therefore expected to make themselves thoroughly familiar with 

the contents of the Procedures Manual and such other manuals as may be relevant to a project, so that each project can 

pass through the different stages of planning, design, tendering and construction satisfactorily and that the submission of 

reports, records, drawings, documents, etc. is according to requirements. 

Consultants must supply copies of relevant manuals to each designer and Engineer’s Representative employed on 

construction contracts for the Roads Authority, which latter copies shall be kept at each Site Office. 

Should any portion of this manual appear to be contradictory, either internally or in relation to any other manual; or 

insufficiently detailed, the Project Control Engineer must be contacted for a ruling. 

Constructive criticism and suggestions for improvement of any of the manuals would be appreciated and should be 

addressed to: 

The Chief Executive Officer, Roads Authority, Private Bag 12030, Windhoek, Namibia 

with a copy to the Project Control Engineer. 

Access to the manuals 

The manuals can be downloaded from the RA website at: www.ra.org.na The RA will only upload the current amendment of 

the manuals on the site. It however remains the responsibility of the Consulting Engineer, upon his appointment, to confirm 

with the Project Control Engineer that the manuals on the website are the versions required for his specific appointment. 

 

  

http://www.ra.org.na/
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Definitions 

The following definitions are relevant to all manuals: 

Agreement is the completed Agreement between the Roads Authority and the Consulting Engineer. Such 
Agreements may have different titles, depending on the source of funding. 
  

Chief Executive Officer is the person appointed under Section 14 of the Roads Authority Act to serve as Chief 
Executive Officer of the Roads Authority. 
 

Date of Agreement is the date on which it was signed by the last person signing. 
 

Engineer is the Consulting Engineer appointed by the Roads Authority to prepare a project or contract 
documents, or to supervise the execution of a contract. 
 

Ministry The Ministry of Works and Transport of the Government of Namibia 
 

Permanent Secretary is the official appointed to the post of Permanent Secretary of the Ministry of Works and 
Transport 
 

Project Control Engineer is the official appointed by the Chief Executive Officer to coordinate the execution of a specific 
project and to act as a link between the RA and the Consulting Engineer. 
 

Roads Authority is the Roads Authority constituted in terms of the Roads Authority Act, Act 17 of 1999 
 

Guidelines for users of the manuals 

The following icons are used throughout this edition of the Manuals: 

 

CAUTION – This icon, usually accompanied by highlighted text, indicates that the user must be aware and 
use caution when following certain procedures or deviating from standard design methods. 

 

YIELD – This icon indicates that the Roads Authority must be informed of an issue. This might be a deviation 
from the Terms of Reference; a deviation from design standards; or the achievement of milestones. Work 
may however continue. 

 

STOP – Unlike for the yield icon, the stop icon indicates that the Roads Authority’s written approval must be 
obtained before commencing with any further design or other tasks related to the issue for which approval 
is to be obtained. 

 

NO ENTRY – This icon indicates no-go areas for practitioners. These could be set values for certain variables, 
or certain processes that may not be followed. 

 

WORK IN PROGRESS – The “men at work” icon is used where sections can and should be extended or where 
work is pending. Due to funding or time constraints these parts or sections are not yet included in the 
manual. 

Copyright of work done by the Consulting Engineer 

All field books, data, calculations, plans, reports and tender documents produced in consequence of an appointment by the 

Roads Authority to carry out work in terms of these Manuals, become and remain the property of the RA upon submission 

of these items to the Roads Authority. 
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Glossary of terms 

Accessibility The ease with which a destination may be reached 

Analysis period The period over which an economic evaluation is conducted 

Consumer surplus The benefits that accrue to the user of road infrastructure due to the reduction in cost of 

transport 

Discount rate The rate at which expected future benefits and costs are converted to current values for 

calculation of economic criteria 

Economic criteria Standards that are used in making decisions about investment alternatives 

Economic evaluation The assessment of possible investment alternatives using economic criteria in order to identify the 

most beneficial alternative 

Life-cycle analysis The process of considering all costs and benefits over the life-cycle of a road for a given 

investment alternative 

Low volume road A road that carries relatively low volumes of traffic, typically below 200 vehicles per day 

PIARC The World Road Association, whose vision it is to be the world leader in the exchange of 

knowledge on roads and road transport policy and practices within an integrated sustainable 

transport context 

Producer surplus The benefits that accrue to producers that are brought about by the improvement in vehicle 

accessibility to an area 

Sensitivity analysis The assessment of the impact of changes to key variables of an economic analysis. 

SuperSurf A software tool distributed by the Southern African Bitumen Association (SABITA) that may be 

used in the assessment of the economic viability of the upgrading of unpaved roads to paved 

standard. 

Abbreviations 

AADT Annual Average Daily Traffic (the average daily traffic volume on a given road, adjusted for seasonal variations) 

ARI The government accounting rate of interest (this is the discount rate used in economic evaluation) 

FYRR First Year rate of Return 

HDM-4 The Highway Development and Management System (software that must be used for economic evaluation of 

roads infrastructure investment, unless agreed otherwise with, and instructed in writing by the Roads Authority) 

IRR Internal rate of Return 

LVR Low Volume Road 

NIM The Network Integration Module (of the RA’s RMS – a sub-system used, inter alia, for integrated queries, 

budgeting and as interface to HDM-4 on the Namibian road network) 

NMT Non-motorised traffic 

NPV  Net Present Value 

PCE Project Control Engineer 

PIARC Permanent International Association of Road Congresses 
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RA The Roads Authority of Namibia (whose core business is to manage the construction and maintenance of 

Namibia’s road network) 

RED The Roads Economic Decision Model (a series of Microsoft Excel spreadsheets that may be used for the economic 

evaluation of investment alternatives on low-volume roads) 

RFA The Namibian Road Fund Administration (whose objective is to manage the Namibian road user charging system 

in such a manner as to secure and allocate sufficient funding for the achievement of a safe and economically 

efficient road sector) 

RMS Road Management System (an integrated set of software tools and models used in the road management 

process) 

RUC Road User Cost (these are costs that accrue to road users due to vehicle operating cost, time cost and accident 

cost) 

VAT Value Added Tax 

VOC Vehicle Operating Cost (the cost of operating a vehicle on a given road, influenced mainly by terrain and road 

roughness) 

VPD Vehicles per day 
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1 INTRODUCTION 

The aim of this Manual is to give guidance regarding the 

Economic Evaluation of road investments. It is intended 

as an overview document, to provide particulars of how 

to perform an economic evaluation without giving detail 

of how it is done. It is assumed that the reader of the 

manual will have a basic knowledge of such analyses.  

In recent years the Highway Development and 

Management System Version 4 (HDM-4) has become the 

standard software for performing economic evaluations. 

Thus, where applicable, the concepts dealt with in the 

text are put in the context of the HDM-4 software. 

The HDM-4 software is not particularly well-suited to the 

economic evaluation of low volume roads, i.e. roads 

where the Average Annual Daily traffic (AADT) is below 

approximately 200 vehicles per day. For this reason an 

overview is given of a software tool, the Roads Economic 

Decision Model (RED), which has been developed by the 

World Bank specifically for this situation. 

The manual will provide the necessary guidance for 

conducting economic evaluations of projects for the RA, 

aiming at uniformity in the reporting of the results so as 

to enable direct comparison of independent analyses. 

Economic analyses of projects will be conducted where 

so instructed in writing by the RA for pre-feasibility 

studies, feasibility studies, preliminary designs or detail 

design stages. 

2 PRINCIPLES OF ECONOMIC 

EVALUATION 

In general, governments and their ministries operate 

under various constraints. Of these, the most dominant 

constraint is usually funding. Therefore, when 

considering investment in infrastructure, and in this case 

particularly road infrastructure, it is the aim of 

governments to invest in projects that will result in the 

most benefit to the economy and, by extension, to 

society. 

2.1 Life cycle analysis 

In its simplest form, an economic evaluation deals with 

the stream of costs and benefits over time (see Figure 2 

1) of a project. Various criteria may be calculated based 

on the time stream and these are then used to assist in 

decision-making regarding investment alternatives. 

 
Figure 2-1 : Conceptual time stream of costs and benefits 

From the above, it is clear that the costs and benefits 

over the full life of a facility must be considered when 

conducting an economic evaluation. This means that all 

expenditure related to maintenance of the road and all 

benefits that accrue to the road users have to be 

considered over the life-cycle of the road. For example 

during the analysis period of a typical sealed road, the 

life-cycle analysis may include a reseal in the first year, 

rehabilitation later in the period, and yearly routine 

maintenance expenditure. On the other hand, benefits 

should accrue to the road users over the analysis period, 

increasing with growth in traffic, while at the same time 

decreasing due to deteriorating road conditions. 

2.2 Purpose of economic evaluation 

The process of Economic Evaluation aims to answer a 

number of questions. These include: 

 Viability: Is a proposed investment viable? 
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 Preferred Alternative: For a number of 

different project alternatives, which one 

gives the highest economic, or where 

applicable financial, return? 

 Priority: How should funds be distributed 

between more than one viable project? 

 Timing: What will be the effect of 

postponing a project? 

Economic criteria may be calculated to answer the 

questions above. 

In pursuing cost-efficiency, economic evaluation could in 

addition be used to analyse the economic viability of 

different design standards which would require different 

maintenance interventions. 

2.3 Principles of measuring benefits 

The various costs and benefits are dealt with in more 

detail elsewhere in this manual. However, it is worth 

describing the two main approaches that are followed in 

the measurement of benefits. 

Benefits are measured either as Consumer Surplus or 

Producer Surplus in the economy (1), (2). In terms of the 

scope of this manual, the consumer surplus measures the 

benefits to road users and consumers of reduced 

transport costs. On the other hand, the producer surplus 

measures the benefits that accrue to producers, such as 

agricultural and mining producers, brought about by the 

improvement of vehicle accessibility of an area. 

The consumer surplus approach is normally used where 

road infrastructure already exists, even if the road is only 

a dirt track. 

The producer surplus approach is used when 

infrastructure does not exist and provision of new 

transportation facilities will reduce the cost of 

transporting agricultural or other produce to markets. 

The producer surplus approach should be used with 

caution as it requires highly specialised knowledge as 

well as substantial amounts of data (1), (2). It is therefore 

not recommended for use in the economic evaluation of 

roads in Namibia.  

The majority of software tools that are readily available 

for use in economic evaluation are based on the 

consumer surplus approach, e.g. HDM-4, RED, SuperSurf, 

etc. 

2.4 Classification of analysis 

Analyses for Economic Evaluation may be divided into 

those with mutually exclusive alternatives and those with 

independent alternatives. 

Mutually exclusive alternatives are defined as alternative 

methods to achieve the same objective. Thus, if one 

alternative is chosen, the others are not required. Typical 

Project Analysis is an example of such an analysis where 

different project alternatives are compared for a given 

project. 

Independent alternatives are proposals for achieving 

different objectives. More than one alternative may be 

chosen from a set of independent alternatives, provided 

that sufficient funding is available. The compilation of a 

works programme based on the ranking of projects is an 

example of the analysis of independent alternatives. 

2.5 Economic criteria 

As mentioned above, different economic criteria may be 

calculated for use in decision-making. These are 

described in more detail below. 

2.5.1 Discount rate 

The discount rate used in economic analysis is the 

government accounting rate of interest (ARI). This may 

be defined as the “opportunity cost of capital in the 

public sector”. The ARI quantifies the rate of return that 

can be expected on public sector investments. 

The discount rate to be used in Namibia is presently set 

at 10%. This is a variable that must be provided by the 

Roads Authority and is obtained from the Treasury 

Directorate in the Ministry of Finance. 

2.5.2 Analysis period 

An analysis period of 20 years is appropriate for the 

economic evaluation of road infrastructure investments. 

This period should start after the new or improved facility 

has been put into operation. Note that in HDM-4 the 

construction period is included in the analysis period and 

allowance should be made to take account of this. 

Should shorter or longer analysis periods be deemed 

appropriate, this must be agreed with the Roads 

Authority in writing before proceeding with such analysis.  
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2.5.3 Salvage value 

Where salvage value is to be included in the analysis, the 

following guidelines apply: 

 Roadworks (earthworks, pavement layers): 

residual value equals 25% of the initial cost; 

 Structures (bridges, culverts): residual value 

equals 60% of the initial cost. 

The above guidelines are based on an estimated average 

design life of 25 and 50 years for roadworks and concrete 

structures respectively.  

Salvage value is a benefit that is included in the life-cycle 

cost analysis at the end of the analysis period. HDM-4 

allows for the consideration of salvage value in analyses. 

2.5.4 Net Present Value  

The Net Present Value (NPV) is defined as the difference 

between the discounted benefits and costs over the 

analysis period. This is calculated by considering the 

benefit and cost streams over the analysis period and 

discounting these, using the discount rate, to the base 

year. 

     
     

           
 

   

   

 

Where: 
n = project analysis period [years] 
i = current year (i = 0 is the base year 
bi = sum of all benefits in year i 
ci = sum of all costs in year i 
r = discount rate (%) 
A project is economically viable when the NPV is positive. 

The higher the value of the NPV, the greater the benefits 

are from the project. 

2.5.5 Internal Rate of Return  

The Internal Rate of Return (IRR) is defined as the 

discount rate at which the NPV is equal to zero. 

 
     

           
 

   

   

   

Where the variables are as defined for NPV. 

The IRR is calculated by solving the equation above. This 

is not done by direct calculation, but rather through an 

iterative process. 

A project is economically viable when the IRR is greater 

than the prevailing discount rate (ARI). The IRR gives an 

indication of the profitability of an investment and does 

not give any indication of the size of costs and benefits. 

Thus, the bigger the IRR, the more profitable the project, 

provided that the IRR exceeds the discount rate. 

2.5.6 NPV/Cost ratio 

The disadvantage of using the NPV is that decisions based 

on it are skewed towards projects with high NPVs, i.e. it 

is skewed towards larger projects. One way to counteract 

this is to consider the project cost in the calculation. This 

is done by dividing the NPV of projects by the cost of the 

projects. 

                 
   

    
 

Different projects with varying size may now be directly 

compared and ranked based on the NPV/Cost ratio. This 

is typically used when considering the distribution of 

funds between various projects, i.e. independent 

projects. 

2.5.7 Project timing and the First Year Rate of 

Return  

In certain cases, it may be required to analyse the timing 

of projects. To do this, criteria (e.g. NPV, IRR) may be 

calculated based on the implementation of alternatives 

at different times in the analysis period. The effect of 

deferring investment may then be observed from the 

results. 

Unless the deferring of a project is analysed or the 

planned commencement date is known, it must be 

assumed that construction would start at the first day of 

the year following completion of the evaluation. 

The First Year Rate of Return (FYRR) is often used to 

determine whether investment is viable immediately. 

This is widely used for road investment decisions as it 

may be assumed that traffic growth is continuous. 

The FYRR is defined as sum of the benefits in the first 

year that a project is opened to traffic, divided by the 

present value of the cost of implementation. 

Note that both the Benefits and the Costs are discounted 

to the base year for the calculation of FYRR. 

         
        

    
 



TRAFFIC CATEGORIES TRAFFIC 

3-4   ECONOMIC EVALUATION MANUAL 

When the FYRR is greater than the discount rate the 

project may be immediately implemented. Otherwise, if 

the FYRR is less than the discount rate and the NPV is 

positive, it should be postponed and further rates of 

return calculated to determine the start date. 

2.5.8 Application of economic criteria 

The Economic Criteria that have been defined above may 

be used to answer the questions posed in § 2.2 above. 

The applicability of each to the questions asked are 

summarised in Table 2-1. 

 CONDITION 
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NPV     

IRR     

NPV/Cost     

FYRR     

Table 2-1 : Applicability of different economic criteria to 
different conditions 

 

 

3 TRAFFIC 

Traffic data may be viewed as a fundamental component 

of the economic evaluation process. This is because most 

of the methodologies make use of the Consumer Surplus 

approach to measuring economic benefits. These 

benefits are calculated based on the road user costs 

associated with the use of the road infrastructure. 

Road user cost (RUC) consists of Vehicle Operating Cost 

(VOC), Travel Time Cost and Accident Cost. These in turn, 

are defined for each type of vehicle making use of the 

road. Thus, when traffic figures are known with fair 

accuracy, it may be assumed that the costs incurred by 

the road user will be fairly estimated. 

3.1 Traffic Categories 

The traffic data for use in economic evaluation may be 

defined in three categories: Normal Traffic, Diverted 

Traffic and Generated Traffic. 

3.1.1 Normal Traffic 

Normal traffic is defined in the Glossary of Terms. This is 

reported as the Annual Average Daily Traffic (AADT). 

3.1.2 Diverted Traffic 

Diverted traffic is defined as the traffic that will divert 

from one route to the road for which a project is 

contemplated. In a broad sense, it also encompasses 

modal changes, but this will not be further explored in 

this manual. Diverted traffic keeps the same origin and 

destination but changes its route. 

As is implied by the definition of diverted traffic, it may 

be necessary to perform origin/destination studies when 

gathering traffic data. This is especially true for projects 

where roads are upgraded from unsurfaced to surfaced 

standard. However, these studies are costly and time 

consuming. Origin/destination studies typically form part 

of the compilation of regional and national 

transportation master plans and data from these reports 

may be used for the estimation of diverted traffic. 

Origin/destination studies should only be conducted on 

written instruction from the RA.  

 



TRAFFIC VEHICLE COMPOSITION 

ECONOMIC EVALUATION MANUAL  3-5 

3.1.3 Generated Traffic 

Generated traffic is traffic that occurs in response to 

investment in a road. This may occur either:  

 because a journey becomes more attractive in 

terms of cost or time;  

 because of increased development along the 

road; or 

 it could be new traffic or an increase in trips due 

to improved condition of the road. 

3.1.4 Traffic Growth 

Growth rates for Normal Traffic are estimated from 

traffic count data. This is a function of the RA’s Road 

Management System (RMS) Division and forms part of 

the scope of the Traffic Counting System. Unless the 

Consultant has been instructed to carry out a traffic 

analysis, which may include traffic counts and origin-

destination (O-D) surveys in cases where the data on the 

RMS is insufficient, details regarding traffic growth rates 

must be obtained from the RMS Division through the 

Project Control Engineer (PCE). 

In some cases it is reasonable to assume that traffic 

growth could accelerate due to an investment in a road, 

e.g. in the case of an upgrade project. However, such 

acceleration should be treated with caution as it may 

already have been included in the estimates of Diverted 

and Generated Traffic categories. 

Some software tools, e.g. HDM-4, allow for the definition 

of separate growth rates for the individual traffic 

categories. The growth rate for Normal Traffic should not 

be increased when using such software 

When data is required for the definition of growth rates 

for Diverted and Generated Traffic, national and regional 

roads master plans should also be consulted as the 

estimation of such growth rates form part of such 

studies. 

Consultants must specifically be aware that an 

exponential growth rate generally over-estimates actual 

growth when predicting future traffic over a long period, 

and that investigations must include long-term actual 

traffic growth rates on roads in the vicinity of the project. 

3.2 Vehicle Composition 

The RMS Division operates a number of systems within 

the Integrated Road Management System environment. 

One of these is the Network Integration Module (NIM). 

The NIM has a number of functions, one of which is an 

interface between the RA’s data and HDM-4 software. 

As part of the development of the NIM a study was 

carried out to define the Vehicle Fleet (vehicle 

composition of the traffic) that uses the Namibian Road 

Network. A vehicle fleet consisting of six vehicles has 

been defined.  

Unless agreed otherwise in writing, it is required that the 

NIM vehicle fleet be used in the Economic Evaluation. 

The cost data for these is updated regularly and details of 

the Vehicle Fleet are obtainable from the RMS Division 

through the Project Control Engineer (PCE). 

3.3 Data Sources 

As mentioned, the RA’s RMS Division operates a Traffic 

Counting System. Information regarding Normal Traffic 

and associated growth rates must be obtained from that 

division, again through the PCE. 

Relevant national and regional master plans may have to 

be consulted for guidance on the estimation of Diverted 

and Generated Traffic and their associated growth rates. 
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4 COSTS AND BENEFITS 

Successful economic evaluation hinges on accurate 

estimation of Costs and Benefits. An overview of the 

Costs and Benefits associated with road investment is 

presented in this section. 

4.1 Costs 

The cost associated with the implementation of a road 

project consists of two components: the Agency Cost and 

the Road User Cost (RUC). These two components are 

described in more detail below. 

4.1.1 Agency Cost 

The Agency Cost is defined as the cost incurred by the 

implementing authority for the project, ie the cost to 

provide and maintain road infrastructure. Typically the 

cost estimate compiled for a study or design will have 

sufficient detail for use in the analysis of the economic 

viability of the project. 

The project cost may be calculated by considering the 

items of work required and multiplying the quantities of 

these by the unit rates for the various items. Unit rates 

may be obtained through analysis of similar projects that 

have been completed recently in the country. Care 

should be taken when considering costs from similar 

projects, as rates tendered may vary considerably due to 

exogenous factors, such as remoteness of site and 

experience of the Contractor. Price levels for the analysis 

year must be applied. 

The RA should be consulted regarding unit rates to be 

used for cost estimates as data from different projects 

should be readily available. When rates are considered to 

be out of date, an appropriate inflation rate should be 

agreed to obtain current rates. Such an inflation rate may 

not necessarily be equal to the inflation rate of the 

economy, as external market forces in the construction 

sector may influence it. Use of the Baxter formula with 

appropriate official price indices and coefficients is 

required. 

As the economic evaluation considers the life-cycle costs, 

the cost of maintenance of the road over the analysis 

period must be included in the analysis and appropriate 

unit rates should be obtained from the Roads Authority 

for these costs. 

4.1.2 Road User Cost 

As mentioned in Section 3, the RUC is a fundamental 

input for the economic evaluation of road investment 

alternatives as the benefits used in the analysis are based 

on the savings to the Road User, measured as a reduction 

in RUC. RUC comprises three components, these being 

VOC, Accident Cost and Travel Time Cost. The three 

components are described in more detail below. 

Vehicle Operating Cost 

The VOC is calculated for each vehicle type that forms 

part of the traffic stream, e.g. Light, Bus, Truck, etc. The 

unit rates required depend on the software that will be 

used for the analysis. Typically, these include: 

 physical costs (new vehicle, tyres); 

 fuel cost; 

 parts cost; 

 lubricating oil cost; 

 labour cost for maintenance; 

 overhead costs (insurance, interest, etc); 

 time cost of occupants – this is described in 

more detail below. 

As mentioned in § 3.2 the RMS Division is responsible for 

maintaining a set of cost data that must be used in HDM-

4 analyses. 

Accident Cost  

Numerous approaches exist that could be used to 

calculate the cost of accidents. The most appropriate 

method for use in Namibia, which has also been selected 

for use in South Africa, is the Gross Output method (3), 

(4).  

The cost of accidents should be reported for the 

following types: 

 Fatal – accidents where one or more vehicle 

occupants die within 30 days due to injuries 

sustained 

 Serious Injury – accidents where one or more 

vehicle occupants require hospitalisation 

 Slight Injury – accidents where one or more 

vehicle occupants require out-patient care 

 Damage only – accidents where only vehicle 

damage was sustained 

Some software tools group the two Injury categories as 

one type. HDM-4, for example, has three types: Fatal, 

Injury and Damage Only. 
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The assessment of the cost of accidents normally forms 

part of the scope of work for the national and regional 

master plans. It is therefore recommended that these 

reports be consulted in order to obtain more recent input 

data for the cost of accidents. Unless RA makes regional 

accident costs available from recent studies carried out 

for the RA, the cost data included in Table 5.1 shall be 

used, escalated to the date of the evaluation. 

The inclusion of Accident Cost in the economic evaluation 

of a project is subject to an assessment of whether it is 

likely that there will be a significant lowering of the risk 

of accidents on a road. For projects such as rehabilitation 

and resealing of existing roads, it is questionable whether 

the risk of accidents is affected. However, when 

improvements are made to intersections or interchanges 

or where roads are upgraded from unsurfaced to 

surfaced standard, it is reasonable to assume that the 

risk of accidents will be lowered. This is an issue that 

should be discussed with the RA. 

The inclusion of Accident Cost in the economic evaluation 

of a project must be discussed and agreed on with the 

RA.  

Travel Time Cost 

The cost of travel time is quantified differently for private 

and commercial vehicles. 

In the case of private vehicles, the travel time cost is 

quantified only in terms of the value of working time. 

This is further included in the utilisation of the vehicle, 

i.e. the proportion of work-related trips. Although the 

non-working time may also have value to the passengers, 

it is a parameter that is difficult to quantify without 

extensive field work and research. 

In the case of commercial vehicles, e.g. freight trucks and 

buses, the travel time cost is calculated from both the 

value of the working time of the occupants (i.e. crew and 

passengers), as well as the value of cargo. 

The RA’s RMS Division is also responsible for maintaining 

a data set of vehicle fleet related costs that include Time 

Cost. This data set may also be obtained from the RMS 

Division through the PCE. 

4.2 Benefits 

When considering whether to invest money in a project, 

two options are usually weighed. These are the “Without 

Project” option and the “With Project” option. In Life-

Cycle Cost Analysis the former is termed the Base 

Alternative, while the latter is termed the Project 

Alternative(s). The calculation of benefits takes account 

of the two options. 

Benefits are defined as the difference between the RUC 

for the Base Alternative and the RUC for the Project 

Alternative under consideration. Thus, the mathematical 

representation is as shown under § 4.3. 

4.3 Inputs for Calculation of Economic Criteria 

As mentioned above, when conducting economic 

evaluation the costs and benefits of the Project 

Alternative(s) are weighed relative to the Base 

Alternative. The Benefits and Costs that are used in the 

calculation of the Economic Criteria are therefore defined 

as follows: 

                                   
 

                      
             

4.4 Economic and Financial Costs 

Depending on the situation, both financial and economic 

costs may be applicable to an economic evaluation. The 

aim of the evaluation is to verify the economic viability of 

proposed projects on a road in terms of the criteria used 

to measure it (economic costs). The results of the 

evaluation may also be used to inform the budgetary 

process of the RA (financial costs). 

Some software tools allow for the input of both financial 

and economic costs for some of the parameters, e.g. in 

HDM-4 both the economic and financial costs of Works 

Actions are required for input. 

Cost data are typically collected in financial terms and 

need to be converted to economic terms. This is simply 

done by removing the tax component (VAT) from the 

prices. However, some cost parameters have complex 

tax, duty or subsidy structures (e.g. cost of petrol or 

diesel fuel) and care should be taken to ensure that all of 

the taxes, duties and subsidies are removed from the 

cost. 

When looking at the viability of a project in isolation, it is 

not so critical to convert financial costs to economic costs 

for the calculation of economic criteria. However, when 

the results of an evaluation will be used to guide 
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decision-making on a group of possible, independent 

projects, it is advisable that the criteria be calculated 

based on economic unit costs. 

5 OTHER CONSIDERATIONS 

5.1 Accident Rates 

Reliable data regarding accident rates on Namibian roads 

are not available at present. Data could be obtained from 

South African roads with comparable AADT levels. 

Changes in accident rates due to certain improvements 

may also be predicted based on South African data. Until 

new information is made available by the Roads 

Authority, the following average accident cost data shall 

be used in economic analyses, escalated to date of use: 

Severity of Injury Cost in 2011 (N$) 

Fatal 1 023 650 

Injury 159 350 

Vehicle damage only 35 270 

Table 5-1 : Cost of accident by severity of injury (2011) 

The above accident cost levels were determined in 2011 

based on limited Namibian information and costs derived 

from South African cost indicators, based on the gross 

output method of evaluating accident costs in which the 

real resource costs resulting from accidents were 

summarised taking into consideration the present value 

of future loss of earnings. The following categories were 

analysed:   

 value of lost earnings,  

 value of lost support, 

 medical expenses, 

 funeral costs, 

 legal costs, 

 pain and suffering, 

 property and vehicle damage, including value of 

lost time and towing costs 

The Consultant must endeavour to obtain, analyse, 

discuss and use available police records, where 

appropriate. 

In order to determine and compare the appropriateness 

of accident prediction models, the Consultant must in 

addition calculate accident rates in accordance with the 

guidelines provided in the Highway Safety Manual of the 

American Association of State Highway and 

Transportation Officials (AASHTO). That Manual also 
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provides guidelines for the reduction of accident rates for 

different widths of sealed shoulders. 

5.2 Economic versus Non-Economic Projects 

The RA’s main source of funding is the Road Fund 

Administration (RFA). The RFA has a mandate to fund 

only those road projects that are economically viable. 

However, as part of the RA’s commitment to Namibia’s 

2030 Vision, road projects may be identified that are not 

economically viable and these will be funded directly by 

government and/or donor organisations. 

Thus, this manual will be used not only by users that will 

be analysing projects that are economically viable but 

also projects that are not, e.g. labour-based construction 

of access roads to villages. For these users a brief 

overview of multi-criteria analysis that could aid in such 

analyses is given below. 

Multi-criteria analysis is not the only tool that is 

applicable in this situation, but it is the most widely used 

and is implemented in the HDM-4 software. Several 

other techniques exist and for further details the reader 

is referred to (1), (2), (5). 

Unless the RA has agreed to an alternative technique in 

writing, the multi-criteria analysis must be used.  

5.2.1 Multi-Criteria Analysis 

Multi-criteria analysis is used when the economic benefit 

of a given project cannot be directly quantified. This may 

be due to a very low traffic flow on the road, resulting in 

the cost of the project outweighing the benefits by a 

large margin. 

The process of multi-criteria analysis is as follows: 

 Define criteria for use in the evaluation. 

 Assign weights to the criteria. 

 Rank project alternatives. 

 Calculate the overall score of each alternative. 

Criteria may include: Cost of Alternative; Environmental 

Impact; Developmental Impact; Accessibility Impact; 

Public Transport Impact. 

The criteria are then weighted. The sum of the weights 

equals 100. Criteria carrying the most weight in the view 

of the community are weighted heavier than those that 

are difficult to qualify and weigh. 

Each project alternative is then ranked in terms of the 

criteria and the rank is multiplied by the weight for the 

criterion to obtain the score for the criterion. 

The overall score for each alternative is then calculated 

by adding the scores of the individual criteria. Depending 

on the ranking method used, either the lowest scoring or 

highest scoring alternative is then selected as the most 

cost-effective alternative. 

The process described above may sound very simple, and 

in fact is quite simple to implement. The difficulty of this 

method is in the assignment of weights to the criteria. It 

has been reported that weights may vary from 

community to community and even for the same 

community from one year to the next. Thus, care should 

be taken in defining criteria that are tangible enough for 

the community to assign weights that will not vary much 

over time. 

An example of a Multi-criteria Analysis for three project 

alternatives is shown in . Ranking was done in descending 

 ALTERNATIVE 1 ALTERNATIVE 2 ALTERNATIVE 3 

CRITERIA WEIGHT RANK SCORE WEIGHT RANK SCORE WEIGHT RANK SCORE 

Cost 35 2 70 35 1 35 35 3 105 

Accessibility 35 3 105 35 2 70 35 1 35 

Public Transport 15 2 30 15 1 15 15 3 45 

Environment 5 1 5 5 3 15 5 2 10 

Development 10 2 20 10 1 10 10 3 30 

 Total Score: 230 Total Score: 155 Total Score: 225 

Table 5-2 : Example of multi-criteria analysis 



 OTHER CONSIDERATIONS 

5-10   ECONOMIC EVALUATION MANUAL 

order, thus the highest ranked alternative received the 

value of three (3) while the lowest ranked received a 

value of one (1). The alternative with the highest score 

therefore is the preferred alternative – in the example in 

Table 5.2 the preferred alternative is Alternative 1. 

5.3 Sensitivity analysis 

The outcome of an economic evaluation is highly 

dependent on the input to the process and the reliability 

of the input data. By its nature, an economic evaluation is 

characterised by uncertainty. Therefore, any economic 

evaluation of road investment options should at least 

include sensitivity analyses of the most important input 

variables, i.e. construction cost and traffic. 

It is required that the estimated construction cost be 

varied by 20% on either side of the estimate, while the 

traffic modelling should focus on three traffic growth 

scenarios: the probable traffic growth; low traffic growth 

scenario; and high traffic growth scenario. The traffic 

growth rate for the probable scenario will be the 

estimated traffic growth rate, with the values of the 

other two scenarios lying 2% on either side of it. The 

norm is to vary the traffic growth scenario at each level 

of the construction cost. Thus, the output will be an 

economic indicator (e.g. IRR) for each traffic growth 

scenario for the three construction cost scenarios, i.e. 

nine results. 

Should it be deemed necessary, other parameters 

besides the construction cost and traffic growth may also 

be varied. The input of the RA must be sought on this.  

Both the HDM-4 and RED software make provision for 

sensitivity analysis as part of the Project Analysis. 

5.4 Rehabilitation of existing bitumen roads 

With the assumption that every existing road in the 

bitumen road network of Namibia has been constructed 

on the basis of its economic viability, there would be no 

need for a new economic evaluation for decision-making 

to reconfirm economic viability at the stage when a 

specific road needs to be rehabilitated for safety or other 

technical reasons. Most bitumen roads with traffic in 

excess of 250 vehicles per day, with a heavy vehicle 

content of around 15% or more, could be considered 

economically viable roads.  

Rehabilitation of a road is normally considered at a stage 

when the road has been identified for rehabilitation by 

the RA’s Road Management System between several 

projects considered for heavy maintenance repairs,  

where it is older than 20 to 30 years, when it does not 

fulfil its basic function anymore to safely carry traffic, 

where the riding quality becomes unacceptable and  

when pothole repairs become excessive (ie when more 

than around 15% of the road surface has been patched) 

or when rain water ponds in the ruts in the wheel tracks 

over more than 15% of the road length.  

In order to determine the preferred rehabilitation option, 

a present-worth-of-cost type financial evaluation 

comparing discounted current and future intervention 

costs could be made for each option, based on realistic 

design-life assumptions for the various rehabilitation 

options. 
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6 SOFTWARE TOOLS FOR 

ECONOMIC EVALUATION 

6.1 Road Economic Decision Model (RED) 

The Roads Economic Decision Model (RED) is a software 

tool distributed by the World Bank (6), specifically for the 

economic evaluation of low volume roads
1
. 

RED is described on the webpage as follows: 

“RED performs an economic evaluation of road 

investments and maintenance alternatives and is 

customized to the characteristics of unpaved roads such 

as: a) high uncertainty of the assessment of traffic, road 

condition, and future maintenance; b) periods during a 

year with disrupted passability; c) levels of service and 

corresponding road user costs defined not only through 

roughness; d) high potential to influence economic 

development; and e) beneficiaries other than motorized 

road users. 

RED is a consumer surplus model designed to help 

evaluate investments in low volume roads. The model is 

implemented in a series of Excel workbooks that: a) 

collect all user inputs; b) present the results in a user-

friendly manner; c) estimate vehicle operating costs and 

speeds; d) perform an economic comparison of 

investments and maintenance alternatives; and e) 

perform sensitivity, switch-off values and stochastic risk 

analyses. The model computes benefits accruing to 

normal, generated, and diverted traffic, as a function of a 

reduction in vehicle operating and time costs. It also 

computes safety benefits, and model users can add other 

benefits (or costs) to the analysis, such as those related to 

non-motorized traffic, social service delivery and 

environmental impacts.” 

The Excel workbooks may be downloaded from the link 

above for use in economic evaluation. The user manual is 

also available from the webpage and it is suggested that 

this manual be read before commencing analyses with 

RED as the data requirements and formats are explained 

in detail. 

                                                                 
 

1
 Available online at: 

http://www4.worldbank.org/afr/ssatp/Resources/HTML/Model
s/RED_3.2/red32_en.htm 

6.2 Highway Development and Management 

System 

6.2.1 Background to HDM-4 

The development of HDM-4 as it is known today started 

in the late 1960s and culminated in the publication of the 

Highway Cost Model (HCM) by the Massachusetts 

Institute of Technology in 1971. Several further studies 

followed, culminating in the publication of HDM-III (1987) 

and HDM-PC (1989) – the difference between the two 

being that HDM-III was developed for use on main-frame 

computers, while HDM-PC was intended for use on 

personal computers. 

The first release of HDM-4 followed in the 1990s after 

the underpinning models were upgraded and expanded 

for use world-wide. The objective was to develop the 

system such that it could find application both in 

developing countries and industrialised countries. 

Further development followed and the business case for 

HDM-4 version 2 was presented to Permanent 

International Association of Road Congresses (PIARC) in 

2002 (7). In June 2005 the development and distribution 

of HDM-4 was awarded as a concession to HDMGlobal 

(www.hdmglobal.com). 

6.2.2 Structure of HDM-4 

HDM-4 consists of five main modules: 

 Vehicle Fleet: details regarding the traffic 

composition are captured here, including unit 

costs 

 Road Network: details regarding the road 

sections under study are captured here 

 Works Standards: different maintenance and 

improvement works with associated costs may 

be defined for use on the road network 

 Analysis module: this comprises the Project 

Analysis, Programme Analysis and Strategic 

Analysis modules of HDM-4 

 Configuration module: this comprises items such 

as Climate Zones, Speed-flow Relationships, 

Deterioration Model Calibration Items, etc. 

HDM-4 is data intensive, i.e. it requires a lot of data to be 

set up before an analysis can be run. However, most of 

the data sets required may be obtained from the RMS 

Division of the RA. The HDM-4 documentation (7) should 

be referred to for further information regarding the data 

http://www4.worldbank.org/afr/ssatp/Resources/HTML/Models/RED_3.2/red32_en.htm
http://www4.worldbank.org/afr/ssatp/Resources/HTML/Models/RED_3.2/red32_en.htm
http://www.hdmglobal.com/
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requirements for the data sets not provided by the RA, 

for example Road Network. 

Visual information data of existing pavements available 

on the RMS can be converted to HDM-4 format using the 

tables provided in Annexure A of this Manual. 

6.2.3 HDM-4 Analyses 

HDM-4 may be used to perform three types of analyses, 

i.e. Strategic Analysis, Programme Analysis and Project 

Analysis. Of these, Project Analysis is of direct interest to 

the scope of this manual. 

The HDM-4 documentation defines Project Analysis as 

follows: 

“Evaluation of one or more road projects or investment 

options. The application analyses a road link or section 

with user-selected treatments, with associated costs and 

benefits, projected annually over the analysis period. 

Economic indicators are determined for the different 

investment options. 

Project analysis may be used to estimate the economic or 

engineering viability of road investment projects... 

Typical appraisal projects would include the maintenance 

and rehabilitation of existing roads, widening or 

geometric improvement schemes, pavement upgrading 

and new construction.” 

6.3 Comparison of RED and HDM-4 

In the Southern African Development Community Guide 

on Low-volume Sealed Roads (1), the applicability of 

HDM-4 and RED are discussed and a comparison is made 

between HDM-4 and RED in the context of Low Volume 

Roads (LVRs). The discussion and comparison are 

reproduced below. 

“Whereas the HDM-4 model presents a very good 

framework for the economic analysis of road 

investments, it is neither customized for LVRs nor does it 

capture all the benefits associated with such roads. In 

contrast, RED has been customized for LVRs and offers a 

number of other advantages which are contrasted with 

HDM-4 in [Table 6 1].” 

 

 

  

MODEL ADVANTAGES DISADVANTAGES 

HDM-4 

 Globally used model. 

 Extensive research on VOC and deterioration 

relationships. 

 Can be used for strategic planning i.e. can assess 

networks. 

 Now includes non-motorised traffic (NMT). 

 High data requirements. 

 Does not include social benefits. 

 Cannot deal with passability and trafficability issues. 

 Road roughness is often not an appropriate measure 

of condition for LVRs. 

 Not well suited for low traffic levels 

RED 

 Has limited data requirements. 

 Can accommodate NMT and some social benefits. 

 Can be run from a spreadsheet. 

 Can accommodate impassability issues. 

 Can be used for ranking projects. 

 Well suited for traffic levels in the range 50 to 200 

vpd. 

 NMT categories are limited to four. 

 Would have to be calibrated for low-volume sealed 

roads. 

Table 6-1 : Comparison of HDM-4 and RED appraisal investment models (after (1)) 
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7 REPORTING 

A basic requirement when reporting results of an 

economic evaluation is that the outcome must be 

possible to reproduce. Every single entry into the 

calculations must therefore be clearly indicated and the 

particulars thereof spelt out in sufficient detail. 

A total summary of statistics, as being the ordinary 

output of, for instance, the HDM-4 software, must be 

provided for the base-line alternative. As for the 

sensitivity analysis, only values of the IRR should be 

summarised in tables and thoroughly discussed. 

Summary discussions should moreover provide 

indications about IRR values, provided that benefits with 

respect to maintenance and vehicle cost savings only are 

included. 

Each report should furthermore include a summary of 

the major beneficiaries of the project as well as an 

indication of the size of their gains. The extent of this 

discussion should be related to whether or not groups 

that are considered to be important for distributional 

reasons are affected. 
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