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Executive Summary  

According to the Terms of Reference, the objective of this component of the Integrated 
Transport Plan (ITP) is to establish a methodology for carrying out economic, financial, social 
and environmental evaluation of projects. The revised work plan suggests to take into account 
in the evaluation process, additional aspects such as strategic access, inter and intra modal 
integration, and local access. 

At the long term planning level of the ITP, the projects under consideration are defined at 
identification or pre-feasibility stage. Therefore, the evaluation process cannot be as detailed 
as it would be at the feasibility/implementation stage. In general, the data used consists of 
secondary source data, although some primary specific survey data may be available (e.g. 
traffic counts and survey). Cost estimates are generally based on standard costs (e.g. costs 
per kilometer) since in-depth engineering studies are not yet carried out. 

The purpose of the evaluation carried out at long term planning level is to select the projects 
which best fit the goals of the national transport policy which are, in particular, to provide a 
sustainable, accessible, affordable, reliable, effective and efficient transport system. The 
proposed evaluation process described in this manual enables scoring the candidate projects 
according to a set of relevant criteria. 

The diagram below shows the positioning of this manual in the overall project planning and 
implementing process that encompasses the following steps: 

 
� Long term planning is undertaken using two main tools: 

• The transport model is used to develop a model for transport demand and supply. This 
model helps evaluate different supply scenarios which include a set of projects. 

• This evaluation manual is used in order to prioritize the projects included in the selected 
scenario. 

 

LONG TERM PLANNING
Integrated Transport Plan

Transport Demand Forecast

Supply Scenarios Elaboration Transport planning model

Scenario Evaluation

Project identification
Project Evaluation Manual

Pre-feasibility study

SHORT/MEDIUM TERM PLANNING AND PROGRAMING
Project implementation

Economic Evaluation
Feasibility study Environmental Impact Assessment

Social Impact Assessment

Financing/Budgeting  

Figure 1 : Project planning and implementation proc ess 
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� Short/medium term planning and programming aim at project implementation they require: 

• Feasibility studies including detailed design, economic evaluation, environmental impact 
assessment and social impact assessment. 

• Financing and budgeting. 

 

Since most candidate projects belong to the road sub-sector, the manual is first aimed at the 
evaluation of road projects. However, three specific chapters at the end of the manual deal 
with the adaptation of the methodology to railway, port and airport projects evaluation 
respectively. 

 

The manual is organized as follows: 

 
� Chapter 1 discusses the six criteria to be taken into account, which include: 

• Economic viability.  
• Environmental effects. 
• Social effects.  
• Strategic access.  
• Inter and intra modal integration.  
• Local access.  
 

� Chapters 2 to 7 deal in detail with each of these six criteria respectively, discussing the 
successive steps of the evaluation process, including the following: 

• Definition of a number of relevant sub-criteria to account for the criteria.  
• Selection of the indicator that will represent each sub-criterion. 
• Source and method of measurement of each indicator.  
• Scoring system of the selected indicators. 
• Assumptions underlying the evaluation process. 
• Chapter 8 discusses the weighting system of the criteria and sub-criteria. 
• Chapters 9 to 11 deal with the evaluation process of railway, port and airport projects 

respectively. 
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Chapter 1 Evaluation Criteria 

According to the Terms of Reference of the study, the evaluation of the projects should be 
undertaken using a multi criteria analysis approach integrating, in particular, economic, social, 
and environmental aspects. The revised work plan suggested to consider the following 
criteria, integrating in addition strategic access, inter and intra modal integration, and local 
access aspects: 

 
� Economic viability.  This criterion takes into account the economic viability of the projects 

and should use indicators based on a cost-benefit approach. 
� Environmental effects . This criterion takes into account the possible negative 

environmental impacts of the projects. The type of impact may vary from one mode to 
another. For instance, port projects have an impact on marine ecosystems that has not to 
be considered for other modes. 

� Social effects . In particular, this criterion takes into account the effects of the project on 
poverty alleviation. This effect is mainly related to the increasing accessibility to job 
opportunity and health/education services given to poor people; however, it also takes into 
account negative impacts such as resettlement. 

� Strategic access . This criterion takes into account the capability of the projects to improve 
the economic and physical access to strategic transport routes for goods and passengers. 

� Inter and intra modal integration . This criterion is related to interchange facilities 
required as part of transport infrastructure projects. 

� Local access . This criterion regards local access aspects including integration of NMT. 

 

The economic analysis of the projects takes into account, explicitly or implicitly, a number of 
parameters such as: 
� the population and the type and level of economic activities in the project’s zone of 

influence (through the demand analysis and traffic projections),  
� the transport costs (e.g. vehicle operating costs), and  
� the investment and recurrent maintenance costs. 

 

The multi criteria analysis approach supplements the economic analysis by taking into 
account the various parameters that should be considered in the prioritization process of the 
projects, leading to a unique score summarizing all the considered parameters. 

 

The five essential steps of the methodology are as follows: 
� define the criteria; 
� determine what indicator will represent each criterion; 
� determine how to measure each indicator;  
� set relative weights of each criterion; and 
� obtain and organize the data for screening. 
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These items are discussed, in turn, below. It is important to note that the criteria to be 
considered, selection of indicators, measurement methods and weighting systems should take 
into account the availability of data, with two main implications, as follows: 

i) a preference for the selection of simple key indicators of known levels of accuracy; and 

ii) a choice of indicators representing current knowledge of data availability and accuracy.  

 

First, each criterion should be quantified in order to enable inputting its score in a scoring 
system. Further, the importance of each criterion should be weighted in an appropriate 
weighting system. The combination of these two systems leads to the final score of each 
project enabling its comparison with the other scored projects and their prioritization. A 
specific score is calculated for each criterion. In order to homogenize and improve the visibility 
of the scoring system, each specific score has a maximum 10. It is desirable that the 
maximum score always corresponds to the highest level of priority: highest economic viability, 
lowest negative environmental impacts, highest impact on poverty alleviation, etc. Negative 
aspects may be given a negative score. 

 

The following flow-chart summarizes the road projects multi-criteria evaluation process; 

 

 

Economic Environmental Social Strategic Inter/Intra Local
Viability Effects Effects Access Modal Access

Integration

Measurement of Indicators

Scoring of Indicators

Final Unique Score

 

Figure 2 : Road projects multi-criteria evaluation process 
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Chapter 2 Economic viability 

1. Definition of the possible economic viability sub-criteria 

To measure the economic viability of a project, several indicators are usually calculated: 

 
1. Net Present Value (NPV) 

The NPV, or total discounted profit, is equal to the sum of discounted flows 
throughout the life span of the project: the sum of gross annual discounted benefits 
less the sum of annual discounted costs. It is thus equal to the sum of the discounted 
net benefits. 

The use of a discount rate enables to compare the value of money measuring costs 
and benefits occurring in different years. A money unit received today enables to 
increase present consumption whereas a money unit received in the future can only 
increase future consumption. Postponing consumption makes tomorrow’s money unit 
less valuable than today’s. If the discount rate is i, the value today of a money unit 

received in year t is: 1 / (1 + i)
t
. 

 

According to the Ministry of Finance, Economy and Planning (MOFEP), the usual 
discount rate is i = 12% for road investment. This rate is also named opportunity cost 
of capital since it reflects the minimum rate of return on investment which is required 
by an investor to take the decision of investing. 12% discount rate for road projects is 
already used by GHA, GOG, WB and EU and was agreed by TPG meeting hold on 
10th November 2009. On the basis that project evaluations were meant to be 
comparisons it was proposed that 12% should also be used for railway projects 
although this may require adaptation in use as lower discount rates down to 6% are 
typically used for railway projects. 

 

A project is acceptable as long as NPV > 0. 

 
2. Internal Rate of Return (IRR) 

The IRR is the discount rate that results in a 0 NPV. A project is acceptable as long 
as its IRR is higher then the threshold 12% discount rate. This is equivalent to the 
NPV > 0 condition.  

 

It is to be stressed that a high IRR does not necessarily indicate an increased return 
on investment. Moreover, depending on the type of flow sequence, several IRR may 
exist, or even none at all. For these reason, the use of IRR should be combined with 
that of the NPV. 
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3. First Year Rate of Return (FYRR) 

The FYRR is the ratio between the net benefit during the first year after completion of 
the project (i.e. the difference between the generalized costs of the project situation 
and the reference situation) and the present value of capital investments (i.e. 
discounted over the construction period). The optimal time to put the project in 
operation is the earliest year for which the FYRR is greater than the opportunity cost 
of capital. This cut-off rate is estimated at 12 %. This result (i.e. the determination of 
the optimal time for opening to operation) is subject to some restrictive conditions 
which are generally fulfilled in the case of road projects. These conditions are: 

(i) the investment cost, in constant price, should be independent of the works 
implementation date; 

(ii) the duration of the economic analysis period should be independent of the 
implementation date, it is the case here as far as two projects can only be 
compared assuming the same period duration (i.e. 20-year) for the benefits 
evaluation; 

(iii) the series of benefits should be increasing and independent of the project 
implementation date, i.e. benefits depend on the year of calculation, but not on 
the time since the project has been completed 

 

2. Selection of the economic viability indicators 

It is proposed to use the following indicators to measure the economic viability of the projects: 

 
� NPV / Discounted Investment Cost Ratio . This ratio helps compare two projects since it 

gives a measurement of investment costs effectiveness. It reflects the yield of net present 
value of a project by unit value of investment. As discussed before, the Net Present Value 
(NPV), or total discounted profit, is equal to the sum of the discounted net benefits. A 
project is acceptable as long as NPV > 0 and therefore, NPV / Discounted Investment Cost 
Ratio > 0. 

 
� Optimum year of putting in operation . As discussed in Chapter 2 section 1 the optimal 

time to put the project in operation is the earliest year for which the First Year Rate of 
Return (FYRR) is greater than the opportunity cost of capital (i.e. 12%). The FYRR is the 
ratio between the net benefit during the first year after completion of the project and the 
present value of capital investments (i.e. discounted over the construction period).  

 

3. Calculation methodology of the economic viability indicators 
 

The present section discusses the main steps of the economic evaluation of the projects 
which final step is the calculation of the economic viability indicators. The following flow-chart 
summarizes the evaluation methodology of road projects economic viability. 
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- Project and connecting roads
- Area of influence
- 'With' and 'Without Project' situations
- Main activities
- Horizon years

Investment & Normal Traffic Diverted Traffic Generated Traffic Other 
Maintenance and and and Benefits

Costs Related Savings Related Benefits Related Benefits if any

Determination of the main assumptions of the study

Calculation of the Economic Indicators

 

Figure 3 : Evaluation methodology of road projects economic viability 

 

3.1 Determination of the main assumptions of the study 

The main assumptions of the study include the following: 

 

1. Identification of the project road and the connecting roads. 

2. Zone of influence of the project road. 

3. Identification of the ‘without’ and ‘with project’ situations. 

4. Identification of the main activities. 

5. Identification of the horizon years. 

 

3.1.1. Identification of the project road and connecting roads 

The first requirement of this study is to identify clearly the project road and the connecting 
roads. 

An appropriate map should show the location of the project road together with the connecting 
roads, the access to strategic market places, port and railway stations, and the delineation of 
the concerned districts. 

In particular, the classification (i.e. trunk, feeder or urban), type (i.e. AC, BST, gravel), length, 
and condition (i.e. good, fair, bad, impassable) of the roads should be clearly identified 
together with the characteristics of the strategic market and transport infrastructures (e.g. 
volume of trade, port throughput, etc.). 

 

3.1.2. Identification of the zone of influence 

Usually, the direct influence zone of a road is determined as a distance (e.g. 5 km) from the 
centerline of the road. However, since the socio-economic statistics are generally available at 
district level, it is proposed to determine the zone of influence of the project in relation to the 
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districts served by this road, as a percentage of the area of these districts. The indirect 
influence zone also includes the area of influence of the connecting roads. 

3.1.3. Identification of the ‘without’ and ‘with project’ situations 

The ‘without project’ situation is used as a reference situation in order to compare with it the 
‘with project’ situation and make possible the estimation of the benefits accruing from the 
project. In the ‘without project’ situation it is assumed that the study project is not 
implemented. However the study road would benefit from other governmental and/or non 
governmental development programs which have to be identified and taken into account (e.g. 
maintenance programs).  

 

In the 'without project' situation the road condition worsens because of lack of rehabilitation 
leading to increasing Vehicle Operating Costs (VOC). In addition, in congested roads, 
average speed lowers and travel time increases from one year to another because of the 
increasing traffic congestion. Travel costs increase because of both the increase of VOC and 
travel times. 

In the 'with project' situation, thanks to road rehabilitation, road deterioration and unit VOC 
stabilize. In addition, if the project includes widening and/or increasing the number of lanes, 
traffic congestion is alleviated and average speeds are higher than on the ‘without project’ 
situation. Consequently, travel costs are lower because of both lower VOC and travel times 
than on the ‘without project’ situation. 

 

3.1.4. Identification of the main activities 

In order to simplify the study, it is desirable to focus on the main activities (e.g. those 
accounting for at least 80 % of total tonnage) produced or projected in the zone of influence of 
the study road. These activities include agriculture, mining, industrial and trade activities. A 
particular emphasis should be done to activities which have a particular impact on transport 
(e.g. marketable agricultural production, mining, trade, etc.). 

 

3.1.5. Identification of the horizon years 

The base year is the year for which most of the required data (e.g. population, agricultural and 
mining production, and traffic) are available. 

Road works completion is assumed to occur within one to three years depending on 
complexity. The year following the construction years is the year of putting in operation. In 
order to take full account of benefits, the analysis period which starts on the construction year, 
should include 20 additional years of service totaling 21 to 23 years. Benefits begin to accrue 
in the year of putting in operation of the road since transport costs are lowered starting on this 
year. 
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3.2 Estimation of the economic investment and maintenance costs 

3.2.1. Financial and economic costs 

Economic costs should exclude taxes that are transferred from economic agents (e.g. 
contractor) to Government. Generally base engineering costs exclude Value Added Tax but 
still include indirect taxes (e.g. import levies on construction equipment and materials). There 
is no standard economic conversion factor in use in Ghana. Recent studies have used factors 
in the range of 0.85 to 0.90 to account for exclusion of these indirect taxes. It is proposed to 
use 0.9 as conversion factor. 

 

3.2.2. Economic investment costs 

Construction costs are estimated by engineers including financial contingencies (e.g. 
inflation). Economic costs should exclude any financial contingencies since economic 
evaluation is undertaken at constant price. Investment costs should include design and 
supervision costs estimated at 3-5% of construction costs. Economic investment cost is then 
estimated further to the above mentioned adjustments. 

In order to homogenize the implementation schedule of the projects, it may be assumed that 
the capital costs are incurred over a construction period starting at the beginning of the 
analysis period, that this construction period lasts 3 years, and that successively 30%, 40%, 
and 30% of the total cost is annually spent. At the end of the analysis period, a 30% residual 
value of the construction cost may be taken into account. This percentage of salvage value is 
based on normal service life of the various components of the construction (e.g. 50 years for 
land acquisition, design and structures, 30 years for earthworks, 15 years for pavement and 
drainage). 

 

3.2.3. Economic maintenance costs 

Routine and periodic maintenance needs will have to be assessed both in the ‘with’ and 
‘without project’ situations. For the economic evaluation purpose, it is also required to assess 
the maintenance cost, if any, of the existing road (i.e. the ‘without project’ situation). The 
related cost estimates will be factored by 0.9 in order to derive economic costs of 
maintenance as per the investment costs. 

Maintenance costs may be estimated per kilometer of road or using HDM model outputs 
based on unit costs of maintenance activities, the maintenance quantities being estimated by 
the model. 

 

3.3 Estimation of normal traffic and related savings 

3.3.1. Normal traffic forecast 

Normal traffic consists of the existing traffic using the project and which will continue to use it 
in the "without project" situation. This traffic has to be assessed through traffic counts in terms 
of average number of vehicles by type per day (i.e. Average Daily Traffic - ADT). 
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Traffic forecast can be based on past trend as far as past traffic data is available. Since such 
‘historical’ data are generally not available, an usual methodology consists of using elasticity 
of transport demand in relation to income quantified by either Gross Domestic Product (GDP) 
or GDP per capita. Recent studies (e.g. EDF financed Feasibility study of two roads, Final 
report, Carl Bro and Axsys, November 2006) applying this methodology and assuming an 
elasticity ranging from 1.0 (bus) to 1.5 (private passenger vehicles) proposed annual traffic 
growth rates ranging from 4 to 7 %. Another way to assess correlation between traffic and 
GDP or GDP per capita and calculate related elasticity is to use fuel sale statistics (i.e. petrol 
for private car traffic, diesel for bus and truck traffic). 

 

Traffic forecast related to the roads included in the Integrated Transport Plan (IT P) may be 
obtained from the transport model. However since this model takes into account network 
effects, traffic assignment results include both normal and possible diverted traffic (see 
Chapter 2 3.4.1). Therefore, the assessment should be undertaken on a sub-network basis 
(i.e. including all the competing routes). 

 

3.3.2. Estimation of Vehicle Operating Costs (VOC) savings on normal traffic 

The operating cost savings are determined by the difference between the Vehicle Operating 
Costs (VOC) respectively in the ‘without’ and ‘with project’ situations and by applying this 
difference to the normal traffic. 

 

VOC may be computed with HDM model or VOC module derived from it. The input data used 
in this computation include a description of the vehicles used in the country (type, market 
share by type, price, tax category, type and number of tires), various basic data per type of 
vehicle (life, annual mileage, fuel consumption, tax level, etc.) and general data (such as fuel 
prices, labor rates, etc.). VOC are given in economic prices (i.e. excluding taxes and duties, in 
particular on fuel). 

 

3.3.3. Estimation of time savings on normal traffic 

The time savings are determined by the difference between the travel time respectively in the 
‘without’ and ‘with project’ situation and by applying this difference to the normal traffic. 

 

Travel time may be estimated based on predicted speeds by HDM model or by the transport 
model for the roads included in the Integrated Transport Plan. In the latter case traffic 
congestion effects are taken into account in a better manner. 

The value of time is estimated based on wages or GDP per capita of economically active 
population. The Report on Transport Model Calibration estimates a value of time of 1.05 
dollars/hour for working purposes and 1/3 of this value for non-working. The weighted average 
value used in the ITP is 0.46 dollars/hour in 2008. It is assumed that this value of time varies 
when GDP grows. Applying an assumed 0.5 elasticity to the ITP assumption of GDP growth, 
the average value of time to take into account is US$ 0.55 in 2015 and US$ 1.48 in 2035. 
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3.4 Estimation of diverted traffic and related benefits 

3.4.1. Diverted traffic assessment 

Diverted traffic should be assessed comparing the generalized transport costs (i.e. VOC and 
time value) both in the ’with’ and ‘without project’ situations, depending on the competing 
routes. This assessment is easier to undertake using the transport model outputs for the 
roads included in the ITP . Traffic assignment made by the model takes into account the 
increasing congestion on the competing roads by computing updated transport costs further to 
the assignment of successive portions of the demand matrix.  

The transport model provides many types of loading sub-models which enable to take into 
account the effects of road congestion; the method used in the ITP study is the deterministic 
user equilibrium, which estimates the situation that occurs when each individual user strives to 
minimise his own travel costs. 

As discussed in Chapter 2 3.3.1, traffic assessment should be undertaken on a sub-network 
basis (i.e. including all the competing routes). Comparing the overall traffic volumes (i.e. in 
terms of vehicle-km and vehicle-hour) of both ‘with’ and ‘without project’ situations, transport 
model outputs enable to asses the savings accruing from both normal and diverted traffic. 

For the roads not included in the ITP , diverted traffic assessment should be undertaken 
based on a specific analysis comparing the competing routes and related generalized 
transport costs. Additional assumptions on the distribution of the traffic between the 
competing routes should also be made taking into account factors other than costs (e.g. 
production centers and storage facility location). Depending on the type of truck and product 
transported, the percentage of diversion may vary from 0 to 100% as shown in the EDF 
financed Feasibility study of two roads (Final report, Carl Bro and Axsys, November 2006). 
Given this wide possible variation in the diversion rate, a careful analysis is required. 

 

3.4.2. Estimation of benefits accruing from diverted traffic  

For the roads included in the ITP , the transport model outputs enable to assess both normal 
and diverted traffic savings comparing ‘with’ and ‘without project’ situations, either using 
overall vehicle-km and vehicle-hours outputs multiplied by unit VOC and value of time or 
already valorized model outputs. 

 

For the roads not included in the ITP , the estimation of savings on diverted traffic should be 
undertaken based on difference of generalized transport costs between competing routes 
multiplied by the diverted traffic volume.  

 

3.5 Estimation of generated traffic and related benefits 

3.5.1. Generated traffic forecast 

Generated traffic on the study road may result from the following sources: 
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� growth in passenger traffic because of lower transportation costs and an improved level of 
service, 

� induced agricultural production and agricultural supplies in the road influence zone, 
� induced growth in tourism. 

 

If the incremental Value Added (VA) in agriculture and tourism sectors resulting from road 
improvements are taken into account (see Chapter 2 3.6.1 and Chapter 2 3.6.2), generated 
agriculture and tourism traffic should not be considered in order to avoid any double counting 
of the related benefits. 

The estimation of generated traffic (i.e. in particular passenger traffic) is related to the 
reduction in transport costs resulting from the road improvements. Generally, traffic 
generation is forecast in terms of percent of existing traffic. This percentage is usually 
determined by taking the product of the likely transport cost reduction and the additional 
transport demand / cost reduction elasticity. As order of magnitude, it can be mentioned a 
40% travel cost reduction for cars and bus in case of paving an unpaved road; assuming a 0.5 
elasticity for passengers, traffic generation would account to 20% respectively. The ITP study 
applies an elasticity of 0.5 for all passengers. Generated traffic growth rates can be assumed 
to be equal to those of the normal traffic (refer to Chapter 2 3.3.1). 

 

3.5.2. Estimation of benefits accruing from generated traffic  

According to the transport (road user) economics, the benefits attributed to generated traffic 
are estimated by taking one-half of the difference between the Vehicle Operating Costs (VOC) 
respectively in the ‘without’ and ‘with project’ situation and by applying this difference to the 
generated traffic. VOC in the ‘without’ and ‘with project’ situation are those discussed in 
Chapter 23.3.2). 

 

3.6 Estimation of other benefits 

3.6.1. Possible incremental agricultural value added 

The incremental Value Added (VA) in agriculture sector may be taken into account as far as 
an incremental agricultural production would be made possible thanks to the improvement of 
the project road that enable more products be marketed. However, this possible incremental 
VA will also require investments more directly related to agricultural production (e.g. 
community irrigation, agricultural support services, etc.). Therefore, only a part of the 
incremental VA should be credited to the project road. According to average breakdown of 
agricultural project costs, farm-to-market access component accounts for about 20 % of total 
project baseline cost. Therefore, it is proposed that not more than 20 % of the incremental 
agricultural VA be credited to the project road if applicable. As far as the study road connects 
to a road which also needs rehabilitation works financed under another budget a part of the 
incremental VA only should be attributed to the study road depending on the relation of the 
study road length to the total length of the roads to be rehabilitated. 

 

The incremental VA calculation is an intricate process that includes the following steps: 
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� Production forecast by crop based on: forecast cropped area, both unimproved and 
improved (i.e. irrigated), and forecast yields. 

� Available production forecast by crop taking into account the post harvest losses. 
� Estimation of the Value Added taking into account: farm gate prices, and input costs. 

This calculation is recommended only if incremental agricultural VA is a significant component 
of the project benefits. 

 

3.6.2. Benefits from activities other than agriculture 

Benefits from increased economic activity other than agriculture (e.g. in particular tourism) 
directly induced by the project, if any, have to be assessed with caution. For instance, an 
incremental Value Added (VA) in tourism sector may be taken into account as far as 
additional tourism activities would be made possible thanks to the improvement of the study 
road. However, this possible incremental VA will also require investments more directly 
related to tourism activities (e.g. hotels, works at the tourism site). Therefore, only a part of 
this incremental VA should be credited to the project road. 

 

The assessment of VA accruing from additional tourist arrivals in the influence zone of the 
study road thanks to road improvement, requires various data such as the number of tourist 
arrivals in this zone and estimation of the additional number of tourists which may visit it (i.e. 
potential tourist numbers), length of stay, average daily tourist expenditures, the percent of 
value added in relation to total tourist expenditures. Subject to the availability of these data, 
estimates on incremental VA in the tourism sector can be undertaken. 

 

Since these required data are difficult to collect, unless the study road has an unquestionable 
role in tourism development, it is not recommendable to undertake such an in-depth and time 
consuming analysis. However, potential tourism activities, if any, should be identified in order 
to supplement the list of non quantified benefits accruing from the project road. 

 

3.6.3. Savings from increased safety and reduced number of accidents 

Savings from increased safety and reduced number of accidents may be assessed with 
reliability as far as supporting data on accident statistics on different types of road 
(paved/unpaved, dual/single carriageway, etc.) and economic cost of accidents are available. 
Since these data are not available, it will not be possible to assess such savings. However, 
any favorable impact on safety should be identified in order to supplement the list of non 
quantified benefits accruing from the project road. 

 

3.6.4. Savings from improved accessibility 

Improved accessibility to the influence zone of the study road, thanks to road improvement, 
will have a favorable impact on many socio-economic sectors such as health and education. 
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Impact on health : Improved road access to the study zone will ease both the access of 
medical personnel to this zone and that of the population living in this zone to the health care 
services available in the nearest towns. Theoretically it is possible to estimate the benefits 
accruing from the resulting improvement of the health condition of the population in terms of 
lives saved, number of days of hospitalization avoided, number of days of sickness non 
availability avoided, etc. Since supporting data such as health condition statistics in the zone 
and costs of health care services are not easy to collect, it will be very difficult to quantify the 
savings accruing from the improvement of the health condition of the concerned population. 
However, any favorable impact on health condition should be identified in order to supplement 
the list of non quantified benefits accruing from the project road. 

 

Impact on education : Improved road access to the study zone will ease both the access of 
educational personnel to this zone and that of the young people living in this zone to the 
education services available in the nearest towns. It is of course difficult to quantify the 
benefits accruing from an improved level of education in the influence zone of the study road. 
However, any favorable impact on educational access condition should be identified in order 
to supplement the list of non quantified benefits accruing from the project road. 

 

3.7 Calculation of the economic indicators 

3.7.1. Base study 

The Internal Rate of Return (IRR)  will be computed on the basis of the yearly costs/benefits 
streams. Costs and benefits are estimated by comparing the ‘with project’ situation to the 
reference ‘without project’ situation as discussed in Chapter 2 3.1.3. 

 

The Net Present Value (NPV)  will be calculated using a 12% discount rate, according to 
Ministry of Transportation and GHA practice. In addition the NPV / discounted Investment 
Cost ratio will also be calculated. This ratio helps compare two projects since it gives a 
measurement of investment costs effectiveness. 

 

Usual spreadsheet software includes IRR and NPV calculation functions. HDM4 model used 
in road project evaluation also calculates these indicators. 

 

It is also useful to calculate the First Year Rate of Return (FYRR) . The FYRR is the ratio 
between the net benefit during the first year after completion of the project (i.e. the difference 
between the generalized costs of the project situation and the reference situation) and the 
present value of capital investments (i.e. discounted over the construction period). The 
optimal time to put the project in operation is the earliest year for which the FYRR is greater 
than the opportunity cost of capital. This cut-off rate is estimated at 12%. This result (i.e. the 
determination of the optimal time for opening to operation) is subject to some restrictive 
conditions which are generally fulfilled in the case of road projects. 
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Benefits may be estimated for the first year of operation (f) and the last year (n) of analysis 
period. Benefits for a year i different from these years may be estimated by extrapolation in 
relation to beginning and end years, assuming the expansion factor from one year to another 
as a geometric function, using the following formula: 

 

Benefityear i = Benefityear f x (Benefityear n / Benefityear f) 
(i - f) / (1/(n – f)) 

 

The year i when the FYRR is higher than 12% is calculated by solving the following equation 
through its logarithmic expression: 
 

Benefityear f x (Benefit year n / Benefityear f) 
(i - f) / (1 / (n – f)) = 0.12 x I 

(i - f) x Log (Benefit year n / Benefityear f)
(1 / (n – f)) = Log (0.12 x I) / Benefityear f 

i = f + Log ((0.12 x I) / Benefityear f) / Log (Benefit year n / Benefityear f)
(1 / (n – f)) 

 

where I is the discounted capital investment cost. In order to homogenize the implementation 
schedule of the projects, it may be assumed that the capital costs are incurred over a 
construction period lasting 3 years, and that successively 30%, 40%, and 30% of the total cost 
is annually spent.  

 

As already discussed in Chapter 2 3.1.5, the economic life duration of the project should be 
twenty (20) years. The analysis period should include the construction duration assumed to 
last 3 years. Therefore, the analysis period will cover 21 to 23 years. 

 

The construction costs discussed in Chapter 2 3.2.2 are applicable to the ‘with project’ 
situation in the first years of the analysis period. At the end of the analysis period, a 30% 
residual value of the construction cost may be taken into account. This percentage of salvage 
value is based on normal service life of the various components of the construction. 

 

Routine maintenance costs discussed in Chapter 2 3.2.3 are applicable on a yearly basis over 
the analysis period, starting on the first year in the ‘without project’ situation (i.e. on the 
existing road) and on the year of putting in operation of the project road. Periodic maintenance 
costs are applicable the year they are incurred depending on their frequency (i.e. each x year 
following the year of putting in operation). 

 

The normal traffic savings and diverted/generated traffic benefits respectively discussed in 
Chapter 2 3.3, Chapter 2 3.4 and Chapter 2 3.5 are applicable on a yearly basis, starting on 
the year of putting in operation of the project road. 

 

The incremental agricultural Value Added discussed in Chapter 2 3.6.1, if any, is also 
applicable on a yearly basis, starting on the year of putting in operation. As already discussed, 
20 % of this incremental VA should be credited to the project road. As far as the study road 
connects to a road which also needs rehabilitation works financed under another budget, a 
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part of the incremental VA only should be attributed to the study road depending on the 
relation of the study road length to the total length of the roads to be rehabilitated. 

3.7.2. Sensitivity analysis 

Sensitivity analyses should be undertaken in order to assess the sensitivity of the economic 
indicators to the variance of the main parameters. In particular the following sensitivity tests 
should be made: 
 
� Sensitivity Test 1: construction costs increased by 20 %. 
� Sensitivity Test 2: overall benefits reduced by 20 %. 
� Sensitivity Test 3: combination of Tests 1 and 2 above. 

 

Test 2 takes into account a benefit reduction regardless the reason which may be an 
overestimation of normal, diverted or generated traffic. 

 

In addition to these sensitivity tests, it is also recommended to calculate the switching value of 
the IRR, i.e. the percentage by which the proposed investment cost can increase or must fall 
to produce an IRR of 12%. 
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4. Scoring and weighting system of the economic viability indicators 

To score the NPV / Discounted Investment Cost Ratio  sub-criterion, it may be used a scale 
based on existing study results such as the following: 

 
� ratio between 0.00 and 0.10: 1.0 
� ratio between 0.11 and 0.20: 2.0 
� ratio between 0.21 and 0.30: 3.0 
� ratio between 0.31 and 0.40: 4.0 
� ratio between 0.41 and 0.60: 5.0 
� ratio between 0.61 and 0.80: 6.0 
� ratio between 0.81 and 1.00: 7.0 
� ratio between 1.01 and 2.00: 8.0 
� ratio between 2.01 and 4.00: 9.0 
� ratio > 4.01: 10.0 

 

The final scale should be adjusted to real values calculated on a larger sample of projects. 

 

To score the optimum year to putting in operation  sub criterion it may be assumed that 
projects which optimum year is at the beginning of the planning period (i.e. 2011) are given 
the score 10 while projects which optimum year is at the end of the period (i.e. 2035) are 
given the score 1. The score y of a project which optimum year is i is calculated by 
interpolation using the following formulas: 

 

(2035 - i) / (2035 - 2011) = (y - 1) / (10 - 1) 

y = 1 + 9 x (2035 - i) / 24 

 

The final score mixing the two sub-criteria  should be obtained applying the following 
weight: 

 
� 60 % to the score of the NPV / Discounted Investment Cost Ratio, 
� 40 % to the score of the optimum year to putting in operation. 
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Chapter 3 Environmental impact 

The following table summarizes the proposed sub-criteria and indicators as well as the 
sources of measurement data. 

 

Table 1 : Environnemental sub-criteria 

Sub-criteria  Indicators  Sources of Measurement  

 Proximity of road to 
environmentally sensitive 
areas 

Thematic  maps 

Source: Forestry Commission 
(Forestry Services Division, 
Wildlife Division); EPA; 
Centre for Remote Sensing 
and GIS (CERSGIS), Univ. of 
Ghana 

Noise pollution Proximity of road to human 
communities 

Settlement maps 

Source: CERSGIS 

 Number of water bodies 
crossed by road project 

Thematic (drainage) maps 

Source: Water Resources 
Commission 

 Location of road project Ecological map 

Source: CERSGIS 

     Types of road works Professional judgment 

Documentary sources: EPA, 
Ghana Highway Authority, 
Dept of Urban Roads,  
Ministry of Transportation 

 

 

As impact of air pollution is already and will be an issue for the future, actions must be taken 
and equipment put in place in order to gather reliable data which is not available now, for 
future incorporation to the environmental impact evaluation sub-criteria. 
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1. Definition of the possible environmental impact sub-criteria 

The proposed environmental impact sub-criteria include the following: 

 
� Proximity to Environmentally Sensitive Areas (ESAs). 
� Noise Pollution. 
� Impact on water quality. 
� Impact on ecological zones. 
� Environmental impact potential. 

 

1.1 Environmentally Sensitive Areas (esas) 

This criterion would help in assessing the relative potential impacts of road projects on the 
integrity of environmentally sensitive areas. Twelve environmentally sensitive areas are listed 
in Schedule 5 of the Environmental Assessment Regulations, 1999 (LI 1652): 
 
1 All areas declared by law as national parks, watershed reserves, wildlife reserves and 

sanctuaries including sacred groves. 
2 Areas with potential tourist value. 
3 Areas which constitute the habitat of any endangered or threatened species of 

indigenous wildlife (flora and fauna). 
4 Areas of unique historic, archaeological or scientific interests. 
5 Areas which are traditionally occupied by cultural communities. 
6 Areas prone to natural disasters (geological hazards, floods, rainstorms, earthquakes, 

landslides, volcanic activity etc.) 
7 Areas prone to bushfires. 
8 Hilly areas with critical slopes. 
9 Areas classified as prime agricultural lands. 
10 Recharge areas of aquifers. 
11 Water bodies characterized by one or any combination of the following conditions: 

a) water tapped for domestic purposes; 

b) water within the controlled and/or protected areas; 

c) water which support wildlife and fishery activities. 

 
12 Mangrove areas characterised by one or any combination of the following conditions-  

a)  areas with primary pristine and dense growth; 

b)  areas adjoining mouth of major river system; 

c)  areas near or adjacent to traditional fishing grounds; 

d)  areas which act as natural buffers against shore erosion, strong winds or storm 
floods. 
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This indicator gives an approximate indication of the pressures that road infrastructure and its 
use can impose on environmentally sensitive areas. The proximity of a road project to an 
environmentally sensitive area raises the potential risk of disturbance to that area. Due to their 
sensitive nature, all areas designated as such are to be avoided, where possible, by all 
development. However, where for some reason(s), the development has to happen within or 
closely to any ESA, a detailed environmental assessment has to be carried out on the project 
to determine all the potential impacts and devise appropriate mitigation proposals. Ensuring 
that the provision of road infrastructure does not impact adversely on any of these areas 
should inform the choice, planning and design of roads.  

Road construction involves various activities such as clearing of vegetation, excavations and 
other earth movements, creation of borrow pits, development of construction camps, and 
diversion of rivers. These activities on their own and indirectly through effects such as noise 
and vibrations, pollution of air and siltation of water bodies can trigger off serious changes that 
could have long lasting effects on the integrity of environmentally sensitive areas. A project 
that avoids the ESAs or is at a reasonable distance such that it will have little or no negative 
impact on the ESAs should be preferable to one that is constructed within or close to an ESA. 

 

1.2 Noise pollution 

Exposure to vehicular noise and vibration and the attendant disturbance could be used as a 
criterion in making a choice decision on which of two road projects is environmentally sound 
for implementation. Noise pollution is one of the most undesirable nuisances caused by 
transport and is regarded as a public health issue; transport noise affects human health, 
through an increase in the risk of psychological and physiological disorders. 

Vehicular noise and vibration is an important issue for roadside communities. Whilst the 
maximum level of hearing for humans is about 25 decibels (dB), the average roadway noise is 
around 85 dB, slightly above what many researchers have found to be considered 
“dangerous”. 

Vehicular noise pollution tends to accentuate ambient noise levels beyond acceptable levels 
and as vehicular volumes and movements increase so does the noise they generate, adding 
the stress of persons who live in communities along the road. 

Limiting the exposure of persons to vehicular noise pollution should therefore be an important 
consideration in planning and situating roads. A road located away from communities has 
therefore little or no impact on ambient noise levels in the communities and should be 
preferable to one that runs through or that is close to the communities.  

 

1.3 Water quality 

The criterion on water quality would help in comparing two road projects in terms of their 
potential impacts on the quality of surface water bodies, which are important sources of water 
for a large proportion of Ghanaian households. Most households in rural communities depend 
on rivers and streams which are the major sources of water for all activities. Constructing 
roads over or in close proximity to water bodies has the potential of negatively affecting the 
quality of these bodies, and by extension, the health of the millions of Ghanaians who depend 
on them.  
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It is important that the provision and use of roads do not result in polluting rivers and streams. 
Constructing and operating roads across water bodies could potentially impact negatively on 
water quality through the introduction of debris, vegetative material, waste oils, etc into water 
courses. The implementation of a road project would necessitate excavations and earth 
movements which can expose fine materials that are susceptible to erosion. The construction 
of new bridges and culverts can also result in the siltation of watercourses. If construction 
takes place during the rainy season, suspended matter will be carried with the currents and 
eventually end up in streams and rivers. As a result, siltation and sedimentation of water 
bodies increase significantly during the construction of roads. 

In the operation phase, storm water run-off washes oils, grease, lubricants and fuel that have 
spilled onto the road, terminals and depot into rivers via roadside drains and ditches. Besides 
this source of pollution, the drains may also carry domestic organic and inorganic waste 
created by road users into the rivers and thereby affect their quality.  

The largest impact on water quality is expected where a project road crosses a water body. It 
is inevitable that roads will cut across water bodies but in view of their potential impacts on 
water quality, it will be desirable that a project crosses a limited number of bodies. A road 
project that crosses a small number of rivers and therefore potentially impacts negatively on 
the their quality could be considered to have less significant environmental impacts on water 
bodies than one that goes over a considerable number of rivers. 

 

1.4 Ecological zones 

Road projects would have different impacts depending on the ecological zone in which large 
sections are located. Ghana is divided into six ecological zones on the basis of climatic, 
vegetation and soils distribution. These ecological zones from north to south and their 
coverage of the regions are: 

 

Table 2: List of the ecological zones 

Ecological Zone Coverage 

i. Sudan Savanna 
Upper East region, Upper West region 

ii. Guinea Savanna 
Northern region, northern Volta region, parts of Eastern 

region 

iii. Forest-Savanna 

Transition 
northern Brong Ahafo region, north-eastern Ashanti 

region, parts of Eastern and Volta regions 

iv. Semi-Deciduous Forest 
Brong Ahafo region, Ashanti region, northern Central 

region 

v. Rainforest 
Western region 

vi. Coastal Savanna 
Central region, Greater Accra 
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Based on the fragility of soils, vegetative cover and the potential for erosion and rainfall 
variability, zones in the north are considered to be more environmentally fragile than those in 
the south. Potential environmental impacts of road projects would relate directly to the degree 
of fragility of the zones. Thus, road projects in the more fragile zones of the north could be 
considered to potentially have more serious impacts than roads in the relatively stable zones 
in the south. 

 

1.5 Environmental impact potential 

Various road projects will potentially have different impacts on the environment. Road projects 
in Ghana mainly comprise: 

 
� Reconstruction of heavy degraded road sections 
� Widening of roads 
� Upgrading of gravel to bituminous roads 
� Placing asphalt concrete overlaps 
� Repair and construction of bridges 
� Repair and construction of culverts and other structures 
� Road construction 

 

The road works outlined above would have impacts of varying levels of significance on the 
environment. Preliminary identification of the potential impacts of various road projects would 
enable a comparison between them in order to select the one likely to have the least negative 
environmental effect. 

 

2. Measurement methodology of the environmental impact indicators 

2.1 Scoring 

The methodology for measuring the above indicators involves the following: 

i. Spatial operations:  spatial operations would involve relating road corridors to various 
thematic maps. To enable the spatial operations, the input (the road corridor and 
thematic maps) must be in GIS-ready form.  

To determine the distance between the road project and an ESA, the road corridor is 
overlaid on a map of the ESA. The distance between the road and the boundary of 
the ESA is measured and noted. In a situation where a proposed road runs close to 
more than one ESA, the most negative score will be recorded since that indicates the 
closest the road comes to the ESA. 

To determine the number of settlements traversed by a road project, the location map 
of the road is overlaid on a settlement map which shows the settlements along the 
road corridor. The cities, towns and villages the road runs through are counted and 
recorded for scoring. 

To assess the impact of the road project on water quality, the road corridor is overlaid 
on a digitized hydrological map of Ghana and the number of rivers that the road 
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traverses is noted. Similar spatial operations are carried out to determine the location 
of the road corridor with regard to the ecological zones. The road corridor is overlaid 
on an ecological map, and the zone in which the road corridor is located is noted. It is 
likely a road would lie within more than one ecological zone. In such a situation, the 
road is considered to lie in the zone within which more than 50 percent of the length 
of the road is located.   

 

ii. Scoring:  a scoring method is applied to generate environmental screening results 
which will be integrated into an overall multi-criteria scoring process for project 
prioritization. The sub-classes of each indicator are assigned scores as presented 
below. Scores on the indicators range between 0 – 10; the lower the scored value on 
an indicator, the greater the potential negative impact on the environment. 

Based on the outcome of the spatial operations, a project is assigned a score on the 
indicators. The scoring on the environmental impact potential of road works will, 
however, is based on professional judgment. 

 

To score the Proximity to Environmentally Sensitive Areas  indicator , the following scale is 
proposed: 

 
� Road within an ESA: 0 
� Distance between road and ESA is less than 500 metres: 2 
� Distance between road and ESA is between 500 metres – 1 km: 4 
� Distance between road and ESA is between 1 km – 3km: 6 
� Distance between road and ESA is between 3 km -5 km: 8 
� Distance between road and ESA is over 5km: 10 

 

To score the Number of Settlements Affected by Noise , the following scale is proposed: 

 
� Road passes through more than 49 settlements: 0 
� Road passes through 40-49 settlements: 2 
� Road passes through 30-39 settlements: 4 
� Road passes through 20-29 settlements: 6 
� Road passes through 10-19 settlements: 8 
� Road passes through less than 10 settlements: 10 

 

To score the Number of Rivers Crossed indicator , the following scale is proposed: 

 
� Road crosses less than 5 rivers: 10 
� Road crosses between 5 and 10 rivers: 8 
� Road crosses between 11 and 15 rivers: 6 
� Road crosses between 16 and 20 rivers: 4 
� Road crosses between 21 - 25 rivers: 2 
� Road crosses over 25 rivers: 0 
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To score the Location of Road indicator , the following scale is proposed: 

 
� Location of road in Sudan Savanna zone: 0 
� Location of road in Guinea Savanna zone: 2 
� Location of road in Forest-Savanna Transition zone: 4 
� Location of road in Coastal Savanna zone: 6 
� Location of road in Semi-deciduous zone: 8 
� Location of road in Rain forest zone: 10 

 

To score the Nature of Road Works indicator , the following scale is proposed: 

 
� Repair and construction of culverts and other structures: 10 
� Placing asphalt concrete overlaps: 8 
� Repair and construction of bridges: 6 
� Upgrading of gravel roads: 4 
� Reconstruction of degraded road sections: 2 
� Widening of roads: 1 
� Construction of new road: 0 

 

2.2 Weighting 

Based on professional judgment, weights are assigned to the sub-criteria. The weights will 
represent the relative importance attached to each of the criteria. The final score mixing the 
four sub-criteria should be obtained by applying the following weights: 

 
� Environmentally Sensitive Areas: 30% 
� Noise: 15% 
� Water Quality: 10% 
� Ecological Zones: 15% 
� Environmental Impact Potential: 30% 
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Chapter 4 Social effects 

The following table summarizes the proposed sub-criteria and indicators as well as they 
measurement sources. 

Table 3 :Social sub-criteria 

 

# SUB-CRITERIA INDICATORS MEASUREMENT SOURCES 

 Positive Social impacts 

1. Poverty Reduction  Incidence of poverty  
(refers to the proportion of 
a given population 
identified as poor)  

 

 

Ghana Statistical Service: Pattern and Trends 
of Poverty in Ghana 1991-2006 

 

District Development Plans 

District profiles on www.ghanadistricts.com 

2000 Population and Housing Census  Report  

2. Travel safety Current accident rates in 
the project corridor 

 

 

 

Existing studies by the National Road Safety 
Commission 

 

Accident rates per district issued by the MTTU 
of the Ghana Police Service 

 Negative Social Impacts  

3. Involuntary 
Resettlement 

1. Type of road works  

 

 

2. Population of 
communities traversed   

Standards by Ghana Highway Authority and 
Department of Urban Roads 

2000 Population and Housing Census Report 

Country maps 

District profiles on www.ghanadistricts.com 

World Bank Policy OP 4.12 

MOT Resettlement Policy Framework 

4. Destruction of cultural 
heritage  

Number of affected 
physical cultural resources 
(i.e. shrines and important 
monuments) 

Country Maps 
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Particular attention should be paid to the spread of HIV/AIDS especially in the road transport 
sub-sector. Although there are figures available on infection by district, the impact of the road 
transport cannot be isolated. 

 

1. Definition of the possible social effects sub-criteria and indicators 

Social effects of road project can be analyzed using several sub-criteria but the sub-criteria 
proposed for this evaluation of social effects are: poverty reduction, travel safety, involuntary 
resettlement and destruction of cultural heritage. 

 

1.1 Poverty reduction 

Indicator: Incidence of poverty 

Road projects engender poverty reduction by providing access to markets for the poor in 
society, raising incomes and reducing the number of people considered to be poor.  

The incidence of poverty which refers to the proportion of a given population identified as poor 
(or the numbers classified as poor) is the proposed indicator for measuring poverty reduction. 
The current or pre-project incidence of poverty in the road catchments area will show whether 
or not the road will have more or less impact on poverty reduction. The Ghana Statistical 
Service published in April 2007 Pattern and Trends in Poverty in Ghana 1991-2006 in which 
they present the incidence of poverty for all ten Administrative Regions as presented in table 
below: 

 

Table 4 : Poverty Incidence by Administrative Regio n (in percent) (Poverty line: GH¢ 
370.89) 

 1991/92 1998/99 2005/06 

Western 60 27 18 

Central 44 48 20 

Greater Accra 26 5 12 

Eastern 48 44 15 

Volta 57 38 31 

Ashanti 41 28 20 

Brong-Ahafo 65 36 29 

Northern 63 69 52 

Upper West 88 84 88 

Upper East 67 88 70 

Ghana 52 40 29 

Source: Ghana Statistical Service 
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Since all districts fall in one region or another, the regional poverty incidence can be applied to 
the districts within that particular region. 

 

1.2 Travel safety 

Indicator: Accident rates 

The proposed indicator for measuring travel safety is the existing average number of road 
accidents in the districts that the road goes through. Road accidents may in part be attributed 
to bad road surface conditions, design deficiencies, lack of alternate routes etc. In this manual 
travel safety will be measured by the existing accident rates within the project districts. 

 

1.3 Involuntary resettlement 

Indicators: Type of works and population of communities traversed 

Road projects in Ghana comprise mainly the following: 

 
� Reconstruction of heavily degraded road sections 
� Upgrading of gravel to bituminous roads 
� Placing asphalt concrete overlaps 
� Repair and construction of bridges 
� Repair and construction of culverts and other structures 
� Road construction 

 

The type of road works determines the magnitude of the project and whether or not it might 
trigger safeguard issues and to what extent. Where the new right of way required may induce 
displacement of people and dismantle production systems increasing vulnerability and 
impoverishment, involuntary resettlement must be minimized or mitigated.  Whether or not a 
road project would be adopted should depend on the extent to which involuntary resettlement 
can be minimized or mitigated.  

 

The population of communities traversed by the road indicates whether it traverses principally 
urban built-up environment or rural catchments area and therefore the potential to lead to 
displacement of people. A road that goes through a typically built-up area is likely to trigger 
involuntary resettlement. From a country map, one can locate the districts and communities 
traversed and the population data from the Ghana Statistical Service will inform decisions on 
the extent of likely impacts. 
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1.4 Destruction of cultural heritage 

Indicator: Number of cultural resources 

Cultural heritage, otherwise referred to as physical cultural resources are defined as movable 
or immovable objects, sites, structures and natural features and landscapes that have 
archeological, paleontological, historical, architectural, religious, aesthetic, or other cultural 
significance. They are important sources of scientific and historical information, as assets for 
economic and social development, and as integral parts of a people’s cultural identity and 
practices. 

 

2. Calculation methodology of social effects indicators 

2.1 Evaluation of project potential for reducing poverty using incidence of poverty 

 

A road project which goes through areas with high poverty incidence and enhances access to 
economic opportunities and social services is more likely to lead to higher levels of poverty 
reduction. For scoring the incidence of poverty indicator use the following scale: 

 

Table 5 : Indicator: Average percentage incidence o f poverty per districts traversed by 
road 

Range 
(poverty incidence in percentage)  

Score 

1- 9 1 
10 - 19 2 
20 - 29 3 
30 - 39 4 
40 - 49 5 
50 - 59 6 
60 - 69 7 
70 - 79 8 
80 - 89 9 
90 - 99 10 

 

The higher the incidence of poverty, the higher the score of the road, as a road in a high 
poverty area is likely to have a higher impact on poverty reduction. 

 

2.2 Evaluation of Travel Safety 

District Motor Transport Traffic Units (MTTU) of the Ghana Police Service has records of 
accidents reported to them and the National Road Safety Commission (NRSC) also collates 
figures on accidents. Where existing figures are high and attributable to road surface 
deficiencies, road projects may result in significant reductions especially in those accidents. 
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For scoring the accident rate indicator use the following scale: 

 

Table 6 : Indicator: Average number of accidents pe r districts traversed by road per 
year 

Range 
(number of accidents) 

Score 

0-9 0 
10-19 1 
20-29 2 
30-39 3 
40-49 4 
50-59 5 
60-69 6 
70-79 7 
80-89 8 
90- 99 9 
100+ 10 

 

The higher the current accident rate, the higher a road project scores. 

 

2.3 Evaluation of Involuntary Resettlement 

 

1. The type of road works : will be given as one of the under listed which gives an 
indication of the magnitude of the project and prospects for land take and involuntary 
resettlement. 

 
� Reconstruction of heavily degraded road sections 
� Upgrading of gravel to bituminous roads 
� Placing asphalt concrete overlaps 
� Repair and construction of bridges 
� Repair and construction of culverts and other structures 
� Road widening 
� Road construction 
 

2. Population of communities traversed  
 

Urban communities are those with 5,000 or more inhabitants therefore the percentage of 
communities with 5000 or more inhabitants constitute the measure. 

 

For scoring the type of works indicator use the following scale: 
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Table 7 : Indicator: Type of road works 

 

 

 

 

 

 

 

 

 

The type of road works scored highest is what will involve comparatively minimum additional 
land take. 

 

For scoring the population of communities traversed indicator use the following scale: 

 

Table 8 : Indicator: Percentage of Communities trav ersed which have 5,000 or more 
inhabitants 

Range Score  
0-9% 10 

10-19% 9 
20-29% 8 
30-39% 7 
40-49% 6 
50-59% 5 
60-69% 4 
70-79% 3 
80-89% 2 
90-99% 1 
100% 0 

 

The higher the percentage of communities with 5,000 or more inhabitants, the lower the 
score, as the likelihood of involuntary resettlement is higher, when the project goes through 
larger communities. 

 

2.4 Evaluation of Cultural Heritage that may be destroyed by project 

From District maps and maps of project corridors, a rapid appraisal that include brief 
discussions with cultural heritage institutions such us Museums, Archeological departments 
within the universities, map up all cultural heritage properties along the project route which 
might be destroyed by the project. 

 

Type of works Score 

Placing asphalt concrete overlaps 10 

Repair and construction of culverts and other structures 10 

Repair and construction of bridges 10 

Upgrading of gravel to bituminous roads 10 

Reconstruction of heavily degraded road sections 6 

Road widening 4 

New road construction 2 
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For scoring the number of cultural heritage indicator use the following scale: 

 

Table 9 : Indicator: Number of cultural heritage re sources that may be destroyed by 
project 

Range Score 
1-2 10 
3-4 8 
5-6 6 
7-8 4 
9-10 2 

More than 10 0 

 

2.5 Weighting 

Based on professional judgment, weights are assigned to the indicators. The weights will 
represent the relative importance attached to each of the sub-criteria. The final score mixing 
the five indicators should be obtained by applying the following weights: 

 

Table 10 : Weight of indicators 

Sub Criteria Indicator Weight 

Poverty Reduction Incidence of poverty 35 % 

Travel Safety Number of accidents per district 25 % 

Involuntary resettlement Type of road works 15 % 

 
Population of communities 
traversed 

10 % 

Destruction of Cultural 
heritage 

Number of cultural heritage 
resources on the route likely to be 
destroyed 

15 % 
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Chapter 5 Strategic access 

The following table summarizes the proposed sub-criteria and indicators as well as they 
measurement sources. 

Table 11 : Access sub-criteria 

Criterion Possible indicators Measurement 

Access to strategic 
commercial/production centers 

Number of centers 

Volume of trade (tonnage and/or value) 

Survey 

Survey 

Access to strategic port Throughput/capacity of the port Available data and 
forecast 

Access to strategic railway 
station 

Number of trains per day Available data and 
forecast 

Access to strategic airport Number of flights per day Available data and 
forecast 

Access to border crossing Number of countries 

Volume of trade (tonnage and/or value) 

Available data and 
forecast 

 

1. Definition of the possible strategic access sub-criteria 

The strategic access criterion regards the capability of the projects to improve the economic 
and physical access to strategic commercial, production or tourism centers and areas or 
strategic transport routes for goods and passengers. The five following sub-criteria may be 
identified with respect to this criterion:  

 
� Access to strategic commercial/production/tourism c enters/areas . The strategic 

commercial centers include national or regional market places concentrating an important 
volume of trade. Similarly, the strategic production centers/areas include big factories or 
industrial zones as well as important agriculture areas. Strategic tourism centers or areas 
concentrate many tourism spots/activities and attract a large number of visitors. 

� Access to strategic port(s).  These ports are known. They include in addition to the 
maritime ports of Tema and Takoradi, the inland ports of Akosombo, Buipe, Debre and 
land port of Boankra. 

� Access to strategic railway stations . The strategic railway stations are those where 
significant inter modal exchanges occur between railway and road transport, either for 
goods or passengers. 

� Access to strategic airports . The strategic airports are those receiving scheduled 
international and domestic flights. 

� Access to strategic border crossings . These border crossing are those located on 
recognized transit routes. 
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2. Selection of the strategic access indicators 

It is proposed to take into account the following indicators to account for the capability of the 
projects to improve the economic and physical access to strategic transport routes for goods 
and passengers. Each of these indicators measure one of the five sub-criteria discussed in 
Chapter 5 1: 

 
� Access to strategic commercial/production/tourism c enters/areas: Number and 

volume of trade of strategic commercial/production/tourism centers/areas connected. 
� Access to strategic port(s): Throughput/capacity of the port(s) connected. 
� Access to strategic railway stations: Number of strategic railway stations connected 

and number of daily trains. 
� Access to strategic airports: Number of daily flight of the connected airport. 
� Access to border crossings: Number of countries and trade volume or traffic at border 

crossing. 

 

3. Measurement methodology of the strategic access indicators 

3.1 Access to strategic commercial/production/tourism centers/areas 

Once the zone of influence of the project is identified as discussed in Chapter 2 3.1.2, a 
specific survey should be undertaken in order to identify and count the strategic national or 
regional market places, production centers/areas and tourism centers discussed in Chapter 5 
1. This survey may consist of interview of stakeholders of the different sectors concerned (i.e. 
trade, industry, agriculture, tourism) and collection of available data on volumes of trade and 
production, number of visitors, etc. 

 

3.2 Access to ports 

Available data and forecast will be used to assess the existing and forecasted throughput and 
capacity of the port(s) connected by the project road. 

 

The maritime ports include: 
� Tema: 8.2 million tons (Mt) throughput in 2007 of which 0.8 Mt transit and 490,000 TEU. 
� Takoradi: 4.1 Mt in 2007 of which 0.2 Mt transit and 52,200 TEU. 

 

The inland ports include: Akosombo, Buipe and Debre for which no throughput data is 
available. The land port of Boankra is under development. 

 

3.3 Access to strategic railway stations 

The railway lines presently in operation include: 
� Takoradi-Dunkwa section of the Western Line with passenger service only on Takoradi-

Manso section. The main railway stations are located at Takoradi, Manso and Dunkwa. 
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� Dunkwa-Awaso section of Western Branch Lines is used by dedicated mineral trains. 
� Accra-Nsawam section of Eastern line with passenger service only. The main railway 

stations are Accra, Achimota, Pokoase and Nsawam. 
� Accra-Achimota-Asoprochona section of Eastern Branch Lines with passenger service 

only which extension to Tema is ongoing. The main railway stations are Accra, Achimota, 
Asoprochona and Tema. 

 

There is no available detailed traffic data per railway station. Total freight traffic on the 
operated lines (i.e. Takoradi-Dunkwa-Awaso) amounted to 1.6 million tons in 2006. 

Passenger services are limited to two daily return services between Accra and Nsawam, and 
a single return service between Achimota and Tema. 

 

Subject to rehabilitation, the following sections may return to operating: 
� Dunkwa-Kumasi-Boankra  (main stations at Dunkwa, Obuasi, Bekwai, Kumasi and 

Boankra planned inland dry port). 
� Nsawam-Boankra-Kumasi  (main stations at Nsawam, Koforidua, Nkawkaw, Boankra 

palanned inland dry port, Ejisu and Kumasi). 

 

3.4 Access to strategic airports 

The airports presently in operation which receive scheduled flight are (traffic figures refer to 
2007): 
� Kotoko International Airport (KIA): 14,700 movements, 1,055,000 passagers, 49,300 tons 

freight. 
� Kumasi: 3,200 movements, 57,600 passengers. 
� Tamale: 800 movements, 19,700 passengers. 
� Sunyani: 600 movements, 7,900 passengers. 

 

3.5 Access to strategic border crossings 

The border crossings presently open to traffic include (traffic figures in AADT are drawn from 
2008 ITP survey): 
� Aflao , at the Togo border, on the N1 road from Accra and Tema to Lome, AADT 12,465. 
� Elubo , at the Cote d’Ivoire border, on the N1 road from Accra to Aboiso and Abidjan, 

AADT 1,214. 
� Gonnokrom,  at the Cote d’Ivoire border, on the N6 road from Accra, Kumasi and Sunyani 

to Yamousoukro, AADT 1,947. 
� Hamlie , at the Burkina Faso border, on the N12 road from Sunyani and Wa, AADT 162. 
� Paga, at the Burkina Faso border, on the N10 road from Kumasi and Tamale to Po and 

Ouagadougou, AADT 766. 
� Kulungugu , at the Burkina Faso border, on the N2 road from Tema, Asikuma, Nkwanta 

and Yendi to Fada Ngourma, AADT 214. 
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4. Scoring and weighting system of the strategic access indicators 

To score the access to strategic commercial/production/tourism c enters/areas  sub-
criterion (refer to Chapter 5 3.1), it may be used the following scale: 

 
� number of strategic centers or areas served by the road 10 and more: 10.0 
� number of strategic centers or areas served by the road 9: 9.0 
� number of strategic centers or areas served by the road 8: 8.0 
� number of strategic centers or areas served by the road 7: 7.0 
� number of strategic centers or areas served by the road 6: 6.0 
� number of strategic centers or areas served by the road 5: 5.0 
� number of strategic centers or areas served by the road 4: 4.0 
� number of strategic centers or areas served by the road 3: 3.0 
� number of strategic centers or areas served by the road 2: 2.0 
� number of strategic centers or areas served by the road 1: 1.0 
� number of strategic centers or areas served by the road 0: 0.0 

 

In scoring the access to strategic ports  sub-criterion (refer to Chapter 5 3.2), it is proposed 
to use the following scale: 

 
� For the maritime ports: 

throughput = 5 million tons and more (i.e. Tema): 10.0 

throughput < 5 million tons (i.e. Takoradi): 5.0 
� For the inland ports of Akosombe, Buipe and Debre: 3.0  
� No port connected: 0.0 

 

In scoring the access to strategic railway stations  (refer to Chapter 53.3), it is proposed to 
use the following scores: 

 
� 3 and more stations connected: 10.0 
� 2 stations connected: 5.0 
� 1 station connected: 3.0 
� no station connected: 0.0 

 

To score the access to strategic airports  (refer to Chapter 5 3.4), it is proposed to use the 
following scores: 

 
� road connecting to KIA airport: 10.0 
� road connecting to an airport with more than 50,000 passengers (i.e. Kumasi): 7.0 
� road connecting to an airport with 10.000 to 50,000 passengers (i.e. Tamale): 5.0 
� road connecting to an airport with less than 10,000 passengers (i.e. Sunyani): 3.0 
� no airport connected: 0.0 
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In scoring the access to strategic border crossings  (refer to Chapter 5-3.5), it is proposed 
to use the following score system: 

 
� connecting to border crossing where AADT > 5,000: 10.0 
� connecting to border crossing where AADT is between 1,000 and 5,000: 8.0 
� connecting to border crossing where AADT is between 500 and 1,000: 6.0 
� connecting to border crossing where AADT is between 100 and 500: 4.0 
� connecting to border crossing where AADT is between 10 and 100: 2.0 
� no border crossing connected: 0.0 

 

The final score mixing the five sub-criteria  should be obtained applying the following 
weight: 

 
� 30 % to the score of the access to strategic commercial/production/tourism centers/areas 

sub-criterion, 
� 20 % to the score of the access to strategic ports sub-criterion. 
� 20 % to the score of the access to strategic railway stations sub-criterion. 
� 10 % to the score of the access to strategic airports sub-criterion. 
� 20 % to the score of the access to strategic border crossings sub-criterion. 
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Chapter 6 Inter and intra modal 
integration 

The following table summarizes the proposed sub-criteria and indicators as well as they 
measurement sources. 

Table 12 : Inter and Intra modal integration sub-cr iteria 

 

Criterion Possible indicators Measurement 

Connection to other 
transport mode facility 

According to kind of facility (railway station, port, airport, 
etc.) 

Capacity of the facility (number of train/flight per day, 
throughput, etc.) 

 

Available data 

 

Available data 

Connection to sub 
mode facility 

According to kind of facility (cargo/bus terminal) 

Capacity of the facility (number of trucks/bus per day) 

 

Available data 

Use of containers Storage capacity (in case of railway station or port) 

Handling capacity (number of containers per hour) 

Use of trailer able to carry containers (number per day) 

Available data 

Available data 

Survey 

 

1. Definition of the possible inter and intra modal integration sub-
criteria 

The inter and intra modal criterion is related to interchange facilities required as part of 
transport infrastructure projects. The following sub-criteria are identified with respect to this 
criterion:  

 
� Connection to other transport mode facility . For roads, other transport mode facilities 

include railways and railway stations, ports and airports. 
� Connection to sub-mode facilities . For interurban (rural) roads which are the focus of 

this study, sub-mode facilities include the interface with urban transport such as cargo and 
passenger terminals. 

� Use of containers . One of the most important tool used in inter modal transport is the 
containers that may be carried by ship, railway or trucks. The inter modal use of containers 
depend on the interchange facilities with road transport at railway stations and ports 
(storage and handling facilities) as well as in the availability of trailers able to carry them. 
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2. Selection of the inter and intra modal integration indicators 

It is proposed to take into account the following three sub-criteria related to interchange 
facilities required as part of transport infrastructure projects: 

 
� Connection to other transport mode facility: Number of other mode facilities connected 

and capacity (e. g. number of flight/train per day, port throughput). 
� Connection to sub-mode facilities: Number of sub-mode facilities connected and 

capacity (e.g. number of daily trucks at cargo facility, number of daily passengers or buses 
at passenger terminal facility). 

� Use of containers: characterized by the number of container storing facilities, their 
capacity in number of containers stored and handled daily, and the number of trailers able 
to carry containers. 

 

3. Measurement methodology of the inter and intra modal integration 
indicators 

3.1 Connection to other transport mode facilities 

Chapter 5-3.2 to Chapter 5-3.4 discuss the access to strategic ports, railway stations and 
airports respectively. The present sub criterion regards the connection to the same type of 
facility regardless to the magnitude of the facility and his strategic role as shown hereafter. 

 

The port facilities  to be considered include, in addition to those mentioned in Chapter 5 3.2 
(i.e. Tema, Takoradi, Akosombo, Buipe and Debre), all the other ports including: 

 
� fishermen ports where fish and seafood are disembarked before their transport by road to 

consumer centers, 
� ferry terminals (e.g. Yegi, Makongo, Kwadjokrom, Kete Kratchi, Adawso, Ekyi Amanform, 

Donokrom, Kpandu). 

 

The railway stations  to be considered include, in addition to those mentioned in Chapter 5 
3.3 (i.e. Takoradi, Manso, Dunkwa, Accra, Achimota, Pokoase, Nsawam, Asoprochona and 
Tema), all the other railway stations.  

 

The airports  to be considered include, in addition to those mentioned in Chapter 5 3.4 (i.e. 
Kotoko, Kumasi, Tamale and Sunyani), all the other airfields (e.g. Tarkwa, Wa, Paga). 

 

Because the capacity of the non strategic facilities is not necessarily known, it is proposed to 
consider only the number of facilities as indicator. 
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3.2 Connection to sub mode facilities 

As discussed in Chapter 11 6.1, these facilities include those enabling the interchange with 
urban transport services of freight (using pick-up and small/medium trucks) and passengers 
(using trotro and buses). 

Because the capacity of cargo and bus terminals is difficult to estimate, it is proposed to 
consider only the number of these facilities as indicator. 

 

3.3 Use of containers 

As discussed in Chapter 6 1, the inter modal use of containers depend on the interchange 
facilities with road transport at railway stations and ports (storage and handling facilities) as 
well as in the availability of trailers able to carry them. 

The indicators that help measure the use of containers include the number of container 
storing facilities connected (both at ports and railway stations), their capacity in number of 
containers stored and handled daily, and the number of trailers able to carry containers. As far 
as data on storage and handling capacity are not available (in particular at railway stations), it 
is proposed to consider only the number of facilities connected.  

 

4. Scoring and weighting system of the inter and intra modal 
integration indicators 

 

To score the connection to other transport mode facilities sub-criterion (refer to Chapter 6 
3.1), it is proposed to use the following scale: 

 
� 5 and more facilities connected: 10.0 
� 4 facilities connected: 8.0 
� 3 facilities connected: 6.0 
� 2 facilities connected: 4.0 
� 1 facility connected: 2.0 
� no facility connected: 0.0 

 

To score the connection to sub mode facilities sub-criterion (refer toChapter 6 3.2), it is 
proposed to use the following scale: 

 
� 3 and more cargo and passenger terminals connected: 10.0 
� 2 cargo and passenger terminals connected: 5.0 
� 1 cargo and passenger terminals connected: 3.0 
� no cargo and passenger terminals connected: 0.0 
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To score the use of containers sub-criterion (refer to Chapter 6 3.3), it may be used the 
following scale: 

 
� 3 and more container storage/handling facilities connected: 10.0 
� 2 container storage/handling facilities connected: 5.0 
� 1 container storage/handling facilities connected: 3.0 
� no container storage/handling facilities connected: 0.0 

 

The final score mixing the three sub-criteria  should be obtained applying the following 
weight: 

 
� 50 % to the score of the connection to other transport mode facilities sub-criterion, 
� 20 % to the score of the connection to sub mode facilities sub-criterion. 
� 30 % to the score of the use of containers sub-criterion. 
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Chapter 7 Local access 

The following table summarizes the proposed sub-criteria and indicators as well as they 
measurement sources. 

 

Table 13 : Local Access sub-criteria 

Criterion Possible indicators Measurement 

Connection to human 
settlement 

Number of settlements connected 

Total population within the influence area (i.e. 
within 5 km distance) 

Average walking distance or time 

Survey or mapping 

 

Census data 

Survey or mapping 

Connection to 
medical/health facility 

Number of facilities 

Average walking distance or time 

Survey 

Survey 

Connection to educational 
facility 

Number of facilities 

Average walking distance or time 

Survey 

Survey 

Connection to local market 
facility 

Number of facilities 

Average walking distance or time 

Survey 

Survey 

Connection to feeder road 
(in case of trunk road) 

Number of feeder roads 

Average length of the feeder roads 

Survey 

Survey 

Connection to tourism site Number of tourism sites connected Survey 

Adverse effects on NMT 
and IMT 

Presence of obstacles to sideway movements 
(e.g. steep/narrow banks) 

Presence of crossing difficulties (e.g. median 
strip, barriers) 

Project 
specifications 

Project 
specifications 

 

1. Definition of the possible local access sub-criteria 

 

The local access criterion is related to local access aspects including integration of NMT. The 
following sub-criteria are identified with respect to this criterion:  
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� Connection to human settlements  located within the zone of influence of the road (refer 
to Chapter 2 3.1.2). 

� Connection to medical/health facilities  located within the zone of influence of the road. 
� Connection to educational facilities  located within the zone of influence of the road. 
� Connection to local market facilities  located within the zone of influence of the road. 
� Connection to feeder roads. 
� Connection to tourism sites  located within the zone of influence of the road. 
� Adverse effects on NMT/IMT  if any. 

 

2. Selection of the local access indicators 

It is proposed to take into account the following seven indicators as regards local access 
provided by the project: 

 
� Number of human settlements  connected within 5 km distance and total number of 

population. 
� Number of medical/health facilities  connected within 5 km distance. 
� Number of educational facilities  connected within 5 km distance. 
� Number of local market facilities  connected within 5 km distance. 
� Number of feeder roads  connected. 
� Number of tourism sites  connected. 
� Adverse effects on NMT/IMT, if any (e.g. obstacles to sideway movements and crossing 

difficulties). 

 

3. Measurement methodology of local access indicators 

3.1 Connection to human settlements 

Once the zone of influence of the project is identified as discussed in Chapter 2 3.1.2, a 
specific survey should be undertaken in order to identify and count the number of human 
settlements located within it. The survey may be replaced or supplemented by mapping or 
GIS data if available. In all the case, the population number should be determined based on 
population census results. 2000 census results may be used since the purpose of population 
estimation is to give a hierarchy between the candidate projects; the important is to use a 
common base year that can be 2000. 

In the case data related to each human settlement is not available, data at district level could 
be used. As discussed in Chapter 2 3.1.2, the area of influence should be defined as a 
percentage of the area of each district intersected. 

In the case of detailed data enabling to assess the total population living within the influence 
area is not available, it is proposed to consider only the number of human settlements. It is to 
note that in assessing traffic (both existing and forecast) the population number of the zone of 
influence is already accounted for since the volume of traffic also depends on that parameter. 
Therefore there is likely duplication in taking into account the same parameter in measuring 
an indicator for human settlement connection. Finally, it may be preferable to take into 
account only the number of settlements because this indicator shows more accurately the 
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local access role of the study road. From local access point of view, it is more meaningful to 
serve ten small settlements than only two that would account for the same total population 
than the smaller ten. 

 

3.2 Connection to medical/health facilities 

As for human settlements, a specific survey should be undertaken in order to identify and 
count the number of medical/health facilities located within the influence zone of the road. 

 

3.3 Connection to educational facilities 

As for medical/health facilities, a specific survey should be undertaken in order to identify and 
count the number of educational facilities located within the influence zone of the road. 

 

3.4 Connection to local market facilities 

As for medical/health and educational facilities, a specific survey should be undertaken in 
order to identify and count the number of local market facilities located within the influence 
zone of the road. 

 

3.5 Connection to feeder roads 

As discussed in Chapter 2 3.1.1, the identification of the project road and connecting roads is 
one of the first steps of the study. The connecting roads include a number of feeder roads that 
should be counted. 

 

3.6 Connection to tourism sites 

The Ghana Tourism Board (GTB) provides statistics on domestic tourist arrivals at 25 most 
visited sites. In 2007 these sites received the number of visitors shown in the following table. 

 

Table 14 : Tourism sites 

Site 
Total arrivals in 

2007 

Kakum National Park 113,614 

Cape Coast Castle 74,266 

Elmina Castle 65,677 

Manhyia Palace Museum 48,350 

Wli Waterfalls 17,793 
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Site 
Total arrivals in 

2007 

Kintampo Waterfalls 15,224 

Prempeh II Jubilee Museum 15,178 

Mole National Park 13,734 

Kumasi Armed Forces Military Museum 13,085 

Paga Zenga Crocodile Pond 8,776 

Nzulezo 6,567 

Tafi-Atome Monkey Sanctuary 4,211 

Mount Gemi-Amedzope 3,272 

Tagbo Waterfalls/Mt. Afadja-Liati-Wote 2,602 

Tano Boase 2,495 

Sirigu Womens Organization for Pottery & Art 2,257 

Weichiau Community Hippo Sanctuary 1,856 

Bobiri Forest & Butterfly Sanctuary 1,679 

Paga Chief Pond 1,485 

Pikworo Nania Slave Camp 1,204 

Tono Hills/Tengzug Shrines 1,190 

Ankasa Resource Reserve 1,172 

Buoyam Caves & Bats Colony 874 

Wasa Domama 793 

Xavi Bird Sanctuary 204 

 

3.7 Adverse effects on NMT and IMT 

Adverse effect on Non Motorized Transport (NMT) and Intermediate Modes of Transport (IMT) 
may consist of the following: 

 
� Obstacles to siding movements: e.g. steep or narrow banks may impede NMT vehicles to 

follow the road on its side and may induce them to use the carriageway. 
� Obstacles to crossing movements: e.g. presence of medium strip, medium or side barriers 

may impede NMT and IMT vehicles to cross the road. 

 

The presence of these obstacles depends on the project specifications. I these specifications 
are not available, the type of the road may help assess it (e.g. a dual carriageway road involve 
the construction of a median strip and median barriers). 
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4. Scoring and weighting system of local access indicators 

To score the access to human settlements  sub-criterion (refer to Chapter 7 3.1), it may be 
used the following scale: 

 
� number of human settlements served by the road 10 and more: 10.0 
� number of human settlements served by the road 9: 9.0 
� number of human settlements served by the road 8: 8.0 
� number of human settlements served by the road 7: 7.0 
� number of human settlements served by the road 6: 6.0 
� number of human settlements served by the road 5: 5.0 
� number of human settlements served by the road 4: 4.0 
� number of human settlements served by the road 3: 3.0 
� number of human settlements served by the road 2: 2.0 
� number of human settlements served by the road 1: 1.0 
� number of human settlements served by the road 0: 0.0 

 

To score the connection to medical/health facilities sub-criterion (refer to Chapter 7 3.2), it 
is proposed to use the following scale: 

 
� 5 and more facilities connected: 10.0 
� 4 facilities connected: 8.0 
� 3 facilities connected: 6.0 
� 2 facilities connected: 4.0 
� 1 facility connected: 2.0 
� no facility connected: 0.0 

 

To score the connection to educational facilities sub-criterion (refer to Chapter 7 3.3), it is 
proposed to use the following scale: 

 
� 5 and more facilities connected: 10.0 
� 4 facilities connected: 8.0 
� 3 facilities connected: 6.0 
� 2 facilities connected: 4.0 
� 1 facility connected: 2.0 
� no facility connected: 0.0 

 

To score the connection to local market facilities sub-criterion (refer to Chapter 7 3.4), it is 
proposed to use the following scale: 
� 5 and more facilities connected: 10.0 
� 4 facilities connected: 8.0 
� 3 facilities connected: 6.0 
� 2 facilities connected: 4.0 
� 1 facility connected: 2.0 
� no facility connected: 0.0 
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To score the connection to feeder roads sub-criterion (refer to Chapter 7 3.5), it is proposed 
to use the following scale: 

 
� 5 and more feeder roads connected: 10.0 
� 4 feeder roads connected: 8.0 
� 3 feeder roads connected: 6.0 
� 2 feeder roads connected: 4.0 
� 1 feeder road connected: 2.0 
� no feeder road connected: 0.0 

 

To score the connection to tourism sites sub-criterion, first the sites served are identified 
according to the list shown in Chapter 7 3.6, then the total number of arrivals to these sites 
are totaled. The proposed scoring system is the following: 

 
� 100,000 and more arrivals: 10.0 
� 50,000 to 100,000 arrivals: 9.0 
� 10,000 to 50,000 arrivals: 8.0 
� 5,000 to 10,000 arrivals: 6.0 
� 1,000 to 5,000 arrivals: 4.0 
� less than 1,000 arrivals: 2.0 
� no tourism site connected: 0.0 

 

The adverse effects on NMT and IMT (refer to Chapter 7 3.7) are scored negatively. It is 
proposed the following negative score: 

 
� no adverse effects: 0.0 
� low adverse effects (obstacles on less than 30% of the layout): -3.0 
� medium adverse effects (obstacles on 30 to 70% of the layout): -7.0 
� high adverse effects (obstacles on more than 70% of the layout): -10.0 

 

The final score mixing the seven sub-criteria  should be obtained applying the following 
weight: 

 
� 30 % to the score of the human settlement access sub-criterion, 
� 20 % to the access to medical/health facility sub-criterion. 
� 10 % to the score of the access to the educational facility sub-criterion. 
� 20 % to the score of the access to local market facility sub-criterion. 
� 20 % to the score of the access to feeder road sub-criterion. 
� 20 % to the score of the access to tourism site sub-criterion. 
� 20 % to the score of the adverse effects on NMT/IMT sub-criterion. 
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Chapter 8 Overall weighting system 

The following table shows the possible weighting system of the criteria and sub-criteria.  

Table 15 : Possible weighting system of road projec ts 

CRITERION WEIGHT SUB-CRITERION WEIGHT
Economic viability 50.0%

NPV/Investment Cost 60.0%
Optimum year of putting in operation 40.0%

100.0%
Environmental  impact 10.0%

Environmentally sensitive areas 30.0%
Noise pollution 15.0%
Water quality 10.0%
Ecological zones 15.0%
Environmental impact potential 30.0%

100.0%
Social impact 10.0%

Incidence of poverty 35.0%
Number of accidents per district 25.0%
Type of road works 15.0%
Population of communities traversed 10.0%
resources on the route likely to be 
destroyed 15.0%

100.0%
Strategic access 10.0%

Commercial/production center 30.0%
Port 20.0%
Railway station 20.0%
Airport 10.0%
Border crossing 20.0%

100.0%
Inter/intra modal integration 10.0%

Other mode facility 50.0%
Sub-mode facility 20.0%
Use of containers 30.0%

100.0%
Local access 10.0%

Human settlement 30.0%
Medical/health facility 20.0%
Educational facility 10.0%
Market facility 20.0%
Feeder road 20.0%
Tourism site 20.0%
Adverse effect on NMT/IMT -20.0%

100.0%
100.0%  



Egis Bceom International 
 

 

Page 59 Integrated Transport Plan for Ghana 

Volume 7: Multi-criteria Evaluation Manual Final Version 

 

 

Chapter 9 Railway projects evaluation 

1. Evaluation criteria of the railway projects 

 

The criteria discussed in Chapter 1 for road projects evaluation have to be adjusted as 
follows: 

 
� Economic viability. This criterion takes into account the economic viability of the projects 

and should use indicators based on a cost-benefit approach. It still applies to railway 
projects. 

� Environmental effects. This criterion takes into account the possible negative 
environmental impacts of the projects. It applies to railway projects as for road projects 
(e.g. impact on ecologically sensitive areas, biodiversity preservation and land take). 
However, it should be noted that in comparison to road transport, railway transport has 
some obvious advantages (e.g. reducing greenhouse gas emission and improving air 
quality) that will be taken into account. 

� Social effects. In particular, this criterion takes into account the effects of the project on 
poverty alleviation. This effect is mainly related to the increasing accessibility to job 
opportunity and health/education services given to poor people; however, it also takes into 
account negative impacts such as resettlement. It may apply to railway projects. 

� Strategic access. This criterion takes into account the capability of the projects to improve 
the economic and physical access to strategic transport routes for goods and passengers. 
It applies to railway projects. 

� Inter and intra modal integration.  This criterion is related to interchange facilities 
required as part of transport infrastructure projects. It applies to railway projects as regards 
inter modal integration. 

� Local access. This criterion regards local access aspects. It does not apply to railway 
projects since railway is accessible only at railway stations. This issue is addressed in the 
intermodal integration criterion because travelers for the railway would arrive at the station 
using another form of transport – this would be especially true if it attracted travelers from 
a wide area. 

 

The following flow-chart summarizes the railway projects multi-criteria evaluation process: 

 



Egis Bceom International 
 

 

Page 60 Integrated Transport Plan for Ghana 

Volume 7: Multi-criteria Evaluation Manual Final Version 

 

Economic Environmental Social Strategic Inter/Intra
Viability Effects Effects Access Modal 

Integration

Measurement of Indicators

Scoring of Indicators

Final Unique Score

 

 

Figure 4 : Railway projects multi-criteria evaluati on process 

 

2. Economic evaluation of the railway projects 

The following flow-chart summarizes the economic evaluation methodology of railway 
projects. 

 

- Project and connecting roads
- Area of influence

Determination of the main assumptions of the study - 'With' and 'Without Project' situations
- Main transported products
- Horizon years

Investment & Railway Traffic Railway Operating Related Transport Other 
Maintenance Forecast Costs vs. Road Cost Savings Benefits

Costs Transport Costs if any

Calculation of the Economic Indicators

 

Figure 5 : Economic evaluation methodology of railw ay projects 

 

2.1 Selection of the economic viability indicators 

 

The same economic viability indicators proposed for road projects evaluation are proposed for 
railway projects evaluation, that is: 
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� NPV / Discounted Investment Cost Ratio. This ratio helps compare two projects since it 
gives a measurement of investment costs effectiveness. It reflects the yield of net present 
value of a project by unit value of investment.The Net Present Value (NPV), or total 
discounted profit, is equal to the sum of the discounted net benefits. A project is 
acceptable as long as NPV > 0 and therefore, NPV / Discounted Investment Cost Ratio > 
0. 

 
� Optimum year of putting in operation. The optimal time to put the project in operation is 

the earliest year for which the First Year Rate of Return (FYRR) is greater than the 
opportunity cost of capital (i.e. 12%). The FYRR is the ratio between the net benefit during 
the first year after completion of the project and the present value of capital investments 
(i.e. discounted over the construction period).  

 

2.2 Determination of the main assumptions of the study 

The main assumptions of the study include the following: 

 

1. Identification of the project railway and the competing and connecting roads. 

2. Zone of influence of the project railway. 

3. Identification of the ‘without’ and ‘with project’ situations. 

4. Identification of the main products transported. 

5. Identification of the horizon years. 

 

2.2.1. Identification of the railway project, branch railways and competing and 
connecting roads 

The first requirement of this study is to identify clearly the railway project, branch railways, and 
the competing and connecting roads. The identification of the competing roads is important 
because railway projects are evaluated against road transport. The identification of the branch 
railways and roads connecting to the railway is also important because they expand the zone 
of influence of the railway (refer to Chapter 9 2.2.2). 

 

The consistency of the railway project should be clearly identified since it may correspond to 
different type of investment: 

 
� Rehabilitation/upgrading of an existing railway in operation. 
� Rehabilitation/upgrading of an existing railway where presently the operation is 

suspended. 
� Construction of a new railway line. 
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An appropriate map should show the location of the railway project and branch railways 
together with the competing and connecting roads, the access to strategic market places, 
production centers, and port, and the delineation of the concerned districts. 

In particular, the classification (i.e. trunk, feeder or urban), type (i.e. AC, BST, gravel), length, 
and condition (i.e. good, fair, bad, impassable) of the competing and connecting roads should 
be clearly identified together with the characteristics of the strategic market/production center 
and transport infrastructures (e.g. volume of trade/production, port throughput, etc.). 

 

2.2.2. Identification of the zone of influence 

Usually, the direct influence zone is determined as a distance (e.g. 5 km) from the centerline 
of the railway. However, since the socio-economic statistics are generally available at district 
level, it is proposed to determine the zone of influence of the project in relation to the districts 
served by this railway, as a percentage of the area of these districts. The indirect influence 
zone also includes the area of influence of the connecting roads and branch railways defined 
similarly. 

 

2.2.3. Identification of the ‘without’ and ‘with project’ situations 

The ‘without project’ situation is used as a reference situation in order to compare with it the 
‘with project’ situation and make possible the estimation of the benefits accruing from the 
project. In the ‘without project’ situation it is assumed that the study project is not 
implemented. For the projects aimed at increasing the railway transport capacity and supply, 
in the ‘without project’ situation the additional passengers and freight which would be 
transported by the railway in the ‘with project’ situation should be transported by road. 

Therefore, in the ‘without project’ situation, the additional freight and passengers carried by 
railway in the ‘with project’ situation are transported on the competing roads at road transport 
costs. Road transport costs per passenger-kilometer and ton-kilometer are higher than those 
of railway transport. 

In the ‘with project’ situation, the freight and passengers carried by railway are transported at 
railway operation costs. In addition, traffic congestion is alleviated on the competing roads and 
average speeds are higher than in the ‘without project’ situation. Consequently road travel 
costs are lower because of lower travel times than in ‘‘without project’ situation. 

 

2.2.4. Identification of the main products transported 

In order to simplify the study, it is desirable to focus on the main products (e.g. those 
accounting for at least 80 % of total tonnage) produced or projected in the zone of influence of 
the study railway likely to be transported by railway. These products may include agricultural, 
mining, industrial and traded goods. A particular emphasis should be done to mass products 
that can be transported in bulk and products that can be transported in containers. 
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2.2.5. Identification of the horizon years 

The base year is the year for which most of the required data (e.g. population, agricultural and 
mining production, and traffic) are available. 

Railway works completion is assumed to occur within three to five years depending on the 
complexity of the project. The year following the construction years is the year of putting in 
operation. In order to take full account of benefits, the analysis period which starts on the 
construction year, should include 20 additional years of service totaling 23 to 25 years. 
Benefits begin to accrue in the year of putting in operation of the railway since transport costs 
are lowered starting on this year. 

 

2.3 Estimation of the economic investment and maintenance costs 

2.3.1. Financial and economic costs 

As discussed in Chapter 2 3.2.1, economic costs should exclude taxes that are transferred 
from economic agents (e.g. contractor) to Government. Generally base engineering costs 
exclude Value Added Tax but still include indirect taxes (e.g. import levies on construction 
equipment and materials). There is no standard economic conversion factor in use in Ghana. 
Recent road studies have used factors in the range of 0.85 to 0.90 to account for exclusion of 
these indirect taxes. As rough guess, it is proposed to use the same 0.9 conversion factor for 
railway projects as for road projects. However, since railway project may include a higher 
import value because of imported rails and rolling stock, it would be preferable to check this 
assumption. 

 

2.3.2. Economic investment costs 

Construction costs are estimated by engineers including financial contingencies (e.g. 
inflation). Economic costs should exclude any financial contingencies since economic 
evaluation is undertaken at constant price. Investment costs should include design and 
supervision costs estimated at 3-5% of construction costs. Economic investment cost is then 
estimated further to the above mentioned adjustments. 

In order to homogenize the implementation schedule of the projects, it may be assumed that 
the capital costs are incurred over a construction period starting at the beginning of the 
analysis period, that this construction period lasts 3 years, and that successively 30%, 40%, 
and 30% of the total cost is annually spent. In case of construction lasting 5 years, it may be 
assumed that successively 10%, 20%, 20%, 30% and 20% of the total cost is annually spent. 
At the end of the analysis period, a 50% residual value of the construction cost is taken into 
account. This percentage of salvage value is based on normal service life of the various 
components of the construction (e.g. 100 years for land acquisition, design and earthworks 
and tunnels, 50 years for structures, 40 years for electricity supply, 30 years for signaling 
system, etc.). For rolling stock, the salvage value is 30% (taking into account the various life 
durations: 20 years for diesel locomotives and freight wagons, 25 years for coaches, 30 years 
for electric locomotives, etc.).  
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2.3.3. Economic maintenance costs 

Generally, railway maintenance costs are already included in the railway operating costs. 

 

Road routine and periodic maintenance needs will have to be assessed both in the ‘with’ and 
‘without project’ situations as far as in the ‘without project’ situation road traffic is greater than 
in ‘without project’ situation as discussed in Chapter 9 2.2.3. The related cost estimates will be 
factored by 0.9 in order to derive economic costs of maintenance as per the investment costs. 
Maintenance costs may be estimated per kilometer of road or using HDM model outputs 
based on unit costs of maintenance activities, the maintenance quantities being estimated by 
the model. 

 

2.4 Estimation of railway traffic and related benefits 

2.4.1. Traffic Forecast 

Freight traffic forecast should be based on the assessment of the main products likely to be 
transported by railway. As discussed in Chapter 9 2.2.4, these products may include 
agricultural, mining, industrial and traded goods, in particular, products that can be 
transported in bulk (e.g. mining and oil products, cement) and products that can be 
transported in containers. The volume of traffic should be estimated taking into account 
production and consumption prospects as well as import/export projections. 

If the railway project consists of the rehabilitation/upgrading of an existing railway in operation, 
existing traffic should be taken into account separately from additional traffic since it will exist 
both in the ‘with’ and ‘without project’ situations. The growth of this traffic may be forecasted 
using appropriate growth rates (e.g. based on past trends). However, if in the ‘without project’ 
situation, capacity constraints restrict the traffic, this limitation should be taken into account. 

Passenger traffic forecast should be based on the assessment of the likely number of daily 
passenger trains able to be operated both in the ‘with’ and ‘without project’ situations and the 
travel time. In the ‘with project’ situation, travel time should be lower because of higher speed 
allowed by the improved railway condition. This together with increased frequency and 
improved comfort and safety should make railway transport attractive enough in relation to 
road transport. Additional assumptions on the distribution of the passenger traffic between the 
competing modes should also be made taking into account the possible transport tariffs. 

In the case of competing road and railway links analyzed with the help of the transport model 
developed within the framework of the Integrated Transport Plan (ITP), modal split results will 
give the distribution of passenger traffic between the two modes. 

 

2.4.2. Railway operating costs 

Railway operating costs per ton-kilometer and passenger-kilometer, in both ‘without’ and with 
project’ situations should be estimated by a railway expert. In the ‘without project’ situation, 
operating costs should be kept at least at their present level or progressively incremented in 
order to take into account a worsening situation (e.g. lowering productivity because of 
extended period of unavailability due to increasing failures). In the ‘with project’ situation, 
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operating costs should be lower since railway operation is assumed to become more cost 
efficient. 

Railway operating costs should be estimated in economic prices (i.e. excluding taxes and 
duties, in particular, on fuel). 

 

2.4.3. Road transport costs 

As discussed in Chapter 2 3.3.2, Vehicle Operating Costs (VOC) may be computed with HDM 
model or VOC module derived from it. The input data used in this computation include a 
description of the vehicles used in the country (type, market share by type, price, tax category, 
type and number of tires), various basic data per type of vehicle (life, annual mileage, fuel 
consumption, tax level, etc.) and general data (such as fuel prices, labor rates, etc.). VOC are 
given in economic prices (i.e. excluding taxes and duties, in particular on fuel). Appendix 1 
shows the VOC calculation results for a number of vehicle type, road surface and road 
condition. 

Once VOC are calculated, it is necessary to calculate transport costs by passenger-km and 
ton-kilometer to make possible the comparison with railway transport costs. For this purpose, 
VOC of different vehicle type are divided by the respective average vehicle occupancy or load 
obtained from the ITP traffic survey. For the trucks, average load should be calculated taking 
into account the percentage of unloaded (empty) trucks. 

 

2.4.4. Time savings 

The time savings are determined by the difference between the travel time respectively in the 
‘without’ and ‘with project’ situation and by applying this difference to the normal traffic. 

Railway travel time is estimated based on predicted speed of passenger trains and travel 
distances. 

Road travel time may be estimated based on predicted speeds by HDM model or by the 
transport model for the roads included in the Integrated Transport Plan. In the latter case 
traffic congestion effects are taken into account in a better manner. 

The value of time is the same as for road passengers. As discussed in Chapter 2 3.3.3, the 
Report on Transport Model Calibration estimates a value of time of 1.05 dollars/hour for 
working purposes and 1/3 of this value for non-working. The weighted average value used in 
the ITP is 0.46 dollars/hour in 2008. It is assumed that this value of time varies when GDP 
grows. Applying an assumed 0.5 elasticity to the ITP assumption of GDP growth, the average 
value of time to take into account is US$ 0.55 in 2015 and US$ 1.48 in 2035. 

 

2.4.5. Benefit estimation 

The benefits arising from the project include the following: 
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� the savings in transport costs of passenger and freight which in the ‘without project’ 
situation would have to be carried by road; 

� the savings in transport costs of passenger and freight which in the case of 
rehabilitation/upgrading of an existing railway in operation would beneficiate from lower rail 
transport costs; 

� if any, the time savings related to the passengers which in the ‘without project’ situation 
would have to be carried by road, and that of the passengers which remain carried by road 
but at a higher speed because of a reduced road congestion further to the transfer of part 
of the road traffic to the railway. 

 

Benefit calculation may be undertaken in a spreadsheet where all the elements of the 
calculation are input, both in ‘without’ and ‘with project’ situations (i.e. passenger and freight 
road and railway traffic, transport distances by road and railway, road and railway speeds, 
road and railway transport costs, etc.). 

In the case of competing road and railway links analyzed with the help of the transport model 
developed within the framework of the Integrated Transport Plan (ITP), transport costs 
savings will be estimated applying respective road and railway transport costs per passenger-
kilometer and ton-kilometer to model outputs. Similarly times savings will be estimated. Model 
outputs enable to comparing the total road and rail operating costs both in the ‘with’ and 
‘without project’ situations. These outputs include the following indicators related to overall 
network: 

 
� passenger-kilometers,  
� ton-kilometers,  
� passenger-hours, and  
� ton-hours. 

realized both on road and railway networks, in both ‘with’ and ‘without project’ situations.  

 

2.5 Estimation of other benefits 

2.5.1. Possible incremental agricultural value added 

It is unlikely that an incremental agricultural production would be made possible thanks to the 
improvement of the project railway since probably, this production may transported by road.  

2.5.2. Benefits from activities other than agriculture 

Benefits from increased economic activity other than agriculture (e.g. in particular mining) 
directly induced by the project, if any, have to be assessed with caution. For instance, an 
incremental Value Added (VA) in mining sector may be taken into account as far as additional 
mining activities would be made possible thanks to the project railway. However, this possible 
incremental VA will also require investments more directly related to mining activities (e.g. 
prospecting, mining development, extraction equipment, etc.). Therefore, only a part of this 
incremental VA should be credited to the project railway. 
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2.5.3. Benefits from increased safety and reduced number of accidents, reduced air 
pollution and greenhouse gas emission 

Savings from increased safety and reduced number of accidents may be assessed with 
reliability as far as supporting data on accident statistics for both road and railway transport 
and economic cost of accidents are available. Since these data are not available, it will not be 
possible to assess such savings, although it is well known that railway transport is safer than 
road transport.  

Similarly, although it is known that railway transport has reduced air pollution and greenhouse 
emission than road transport, the lack of local cost data do not enable to estimate the related 
benefits. 

However, based on international data drawn from a French Railways study based on the 
findings of two research institutes from Zurich and Karlsruhe, it is possible to establish a 
comparison of transport external costs including safety, air pollution and greenhouse gas 
emission between rail and road transport as shown in the table above. This table shows the 
cost scale (rail costs are set to 1.00) of the following externalities: 

 
� Safety : the cost taken into account include the following items: 

• Human capital cost (i.e. loss of human value of dead victims of transport accidents) 
measured according to a method based on valuation of people willingness to pay for 
safety improvements to advert a fatality. 

• Lost net output (of the deads). 
• Medical costs. 
• Emergency services, administrative and legal costs. 

 
� Air pollution : the cost taken into account includes the medical cost of diseases related to 

air pollution, cost of damages to forests and agricultural production. 
 
� Greenhouse gas emission : cost estimate based on evaluation of costs of measures to 

advert greenhouse gas emission. 

 

As far as safety is concerned, rail transport is from far safer than road transport: accident 
costs of passenger transport by car and bus are respectively 12.4 and 4.3 times higher than 
rail transport while freight transport by truck generates accident costs 7 times higher than 
railway transport. These results show that transport accident casualty is markedly lower in 
railway transport.  

Table 16 : Scale of transport external costs 

Cost per: Safety Air pollution 
Greenhouse gas 

emission 
Rail passenger-km 1.00 1.00 1.00 
Car passenger-km 12.40 0.63 0.66 
Bus passenger-km 4.33 0.49 0.32 
Rail ton-km 1.00 1.00 1.00 
Truck ton-km 7.00 1.89 0.90 

   Source: INFRAS and IWW Study on External effects of Transport (Zurich/Karlsruhe, 1994) reported by French 
railways 
   Note: railway air pollution and greenhouse gas emission based on the assumption that railway use diesel traction 
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As regards air pollution and greenhouse gas emission, except for freight transport, railway 
efficiency seems lower than road transport efficiency. This result is related to the assumption 
that railway operates with diesel traction.  

 

2.6 Calculation of the economic indicators 

The evaluation of the railway projects may be undertaken in two steps. First the optimum year 
of putting in operation is determined using the First Year Rate of Return (FYRR) method. This 
method helps determine the scheduling of the projects. Then economic indicators such as 
NPV or IRR are calculated according to the optimum implementation schedule. 

 

2.6.1. Base study 

As discussed in Chapter 2 3.7.1, the First Year Rate of Return (FYRR)  is the ratio between 
the net benefit during the first year after completion of the project (i.e. the difference between 
the generalized costs of the project situation and the reference situation) and the present 
value of capital investments (i.e. discounted over the construction period). The optimal time to 
put the project in operation is the earliest year for which the FYRR is greater than the 
opportunity cost of capital. This cut-off rate is estimated at 12%.  

 

Benefits may be estimated for the first year of operation (f) and the last year (n) of analysis 
period. Benefits for a year i different from these years may be estimated by extrapolation in 
relation to beginning and end years, assuming the expansion factor from one year to another 
as a geometric function, using the following formula: 

 

Benefityear i = Benefityear f x (Benefityear n / Benefityear f) 
(i - f) / (1/(n – f)) 

 

The year i when the FYRR is higher than 12% is calculated by solving the following equation 
through its logarithmic expression: 

 

Benefityear f x (Benefit year n / Benefityear f) 
(i - f) / (1 / (n – f)) = 0.12 x I 

(i - f) x Log (Benefit year n / Benefityear f)
(1 / (n – f)) = Log (0.12 x I) / Benefityear f 

i = f + Log ((0.12 x I) / Benefityear f) / Log (Benefit year n / Benefityear f)
(1 / (n – f)) 

 

where I is the discounted capital investment cost. In order to homogenize the implementation 
schedule of the projects, it may be assumed that the capital costs are incurred over a 
construction period lasting 3 years, and that successively 30%, 40%, and 30% of the total cost 
is annually spent.  

 

Once the optimum year of putting in operation is determined, The Net Present Value (NPV)  
will be calculated according to the optimum implementation schedule and using a 12% 
discount rate. In addition the NPV / discounted Investment Cost ratio will also be calculated.  
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The Internal Rate of Return (IRR)  may also be computed on the basis of the yearly 
costs/benefits streams. Costs and benefits are estimated by comparing the ‘with project’ 
situation to the reference ‘without project’ situation as discussed in Chapter 9 2.2.3. 

 

Usual spreadsheet software includes IRR and NPV calculation functions.  

 

As already discussed in Chapter 9 2.2.5, the economic life duration of the project should be 
twenty (20) years. The analysis period should include the construction duration assumed to 
last 3 to 5 years. Therefore, the analysis period will cover 23 to 25 years. 

 

The construction costs discussed in Chapter 9 2.3.2 are applicable to the ‘with project’ 
situation in the first years of the analysis period. At the end of the analysis period, a 50% 
residual value of the construction cost may be taken into account. This percentage of salvage 
value is based on normal service life of the various components of the construction. For rolling 
stock, the salvage value is 30%. 

 

Road maintenance costs discussed in Chapter 9 2.3.3 are applicable on a yearly basis over 
the whole analysis period. Periodic maintenance costs are applicable the year they are 
incurred depending on their frequency (i.e. each x year following the year of putting in 
operation). 

 

Project benefits discussed in Chapter 9 2.4.5 are applicable on a yearly basis, starting on the 
year of putting in operation of the project railway. 

 

The incremental mining Value Added discussed in Chapter 9 2.5.3, if any, is also applicable 
on a yearly basis, starting on the year of putting in operation. As already discussed, a 
percentage of this incremental VA should be credited to the project road.  

 

2.6.2. Sensitivity analysis 

 

Sensitivity analyses should be undertaken in order to assess the sensitivity of the economic 
indicators to the variance of the main parameters. In particular the following sensitivity tests 
should be made: 

 
� Sensitivity Test 1: construction costs increased by 20 %. 
� Sensitivity Test 2: overall benefits reduced by 20 %. 
� Sensitivity Test 3: combination of Tests 1 and 2 above. 

 

Test 2 takes into account a benefit reduction regardless the reason which may be an 
overestimation of traffic. 
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2.7 Scoring and weighting system of the economic viability indicators 

To score the NPV / Discounted Investment Cost Ratio  sub-criterion, it may be used a scale 
such as the following: 

 
� ratio between 0.00 and 0.10: 1.0 
� ratio between 0.11 and 0.20: 2.0 
� ratio between 0.21 and 0.30: 3.0 
� ratio between 0.31 and 0.40: 4.0 
� ratio between 0.41 and 0.60: 5.0 
� ratio between 0.61 and 0.80: 6.0 
� ratio between 0.81 and 1.00: 7.0 
� ratio between 1.01 and 2.00: 8.0 
� ratio between 2.01 and 4.00: 9.0 
� ratio > 4.01: 10.0 

 

The final scale should be adjusted to real values calculated on a larger sample of projects. 

 

To score the optimum year to putting in operation  sub criterion it may be assumed that 
projects which optimum year is at the beginning of the planning period (i.e. 2011) are given 
the score 10 while projects which optimum year is at the end of the period (i.e. 2035) are 
given the score 1. The score y of a project which optimum year is i is calculated by 
interpolation using the following formulas: 

 

(2035 - i) / (2035 - 2011) = (y - 1) / (10 - 1) 

y = 1 + 9 x (2035 - i) / 24 

 

The final score mixing the two sub-criteria  should be obtained applying the following 
weight: 

- 60 % to the score of the NPV / Discounted Investment Cost Ratio, 

- 40 % to the score of the optimum year to putting in operation. 
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3. Evaluating environmental effects of railway projects 

The following table summarizes the proposed sub-criteria and indicators as well as the 
sources of measurement data. 

 

Table 17 : Environmental sub-criteria - Railways 

Sub-criteria Indicators Sources of measurement 

1. Environmentally 
sensitive areas 

• Proximity of railway to 
environmentally sensitive 
areas 

Relevant thematic (sensitive 
areas) maps 

Source: Forestry Commission 
(Forestry Services Division, 
Wildlife Division); EPA; Centre 
for Remote Sensing and GIS 
(CERSGIS), Univ. of Ghana, 
etc 

2. Noise pollution • Proximity to communities Settlement maps 

Source: CERSGIS 

3. Water quality • Number of water bodies 
crossed by rail line 

Thematic (drainage) maps 

Source: Water Resources 
Commission 

4. Ecological zones • Location of railway Ecological map 

Source: CERSGIS 

5. Environmental 
impact potential 

• Types of rail works Professional judgment 

Documentary sources: EPA, 
Ghana Railways Corporation, 
Ministry of Transportation 

 

As impact of air pollution is already and will be an issue for the future, actions must be taken 
and equipment put in place in order to gather reliable data which is not available now, for 
future incorporation to the environmental impact evaluation sub-criteria. 

 

3.1 Definition of environmental effects sub-criteria and indicators 

The sub-criteria and indicators proposed for road projects would apply to railway projects as 
both have similar linear characteristics. 
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3.1.1. Environmentally Sensitive Areas (ESAs) 

This criterion would help in comparing two railway projects in terms of their potential effect on 
the integrity of environmentally sensitive areas. Twelve environmentally sensitive areas are 
listed in Schedule 5 of the Environmental Assessment Regulations, 1999 (LI 1652): 

 

1. All areas declared by law as national parks, watershed reserves, wildlife reserves and 
sanctuaries including sacred groves. 

2. Areas with potential tourist value. 

3. Areas which constitute the habitat of any endangered or threatened species of 
indigenous wildlife (flora and fauna). 

4. Areas of unique historic, archaeological or scientific interests. 

5. Areas which are traditionally occupied by cultural communities. 

6. Areas prone to natural disasters (geological hazards, floods, rainstorms, earthquakes, 
landslides, volcanic activity etc.) 

7. Areas prone to bushfires. 

8. Hilly areas with critical slopes. 

9. Areas classified as prime agricultural lands. 

10. Recharge areas of aquifers. 

11. Water bodies characterized by one or any combination of the following conditions: 

a. water tapped for domestic purposes; 

b. water within the controlled and/or protected areas; 

c. water which support wildlife and fishery activities. 

12. Mangrove areas characterised by one or any combination of the following conditions: 

a. areas with primary pristine and dense growth 

b. areas adjoining mouth of major river system; 

c. areas near or adjacent to traditional fishing grounds; 

d. areas which act as natural buffers against shore erosion, strong winds or 
storm floods. 

This indicator gives an approximate indication of the pressures that railways and their use can 
impose on environmentally sensitive areas. The proximity of a railway project to an 
environmentally sensitive area raises the potential risk of disturbance to that area. Due to their 
sensitive nature, all areas designated as such are to be avoided, where possible, by all 
development. However, where for some reason(s), the development has to happen within or 
closely to any ESA, a detailed environmental assessment has to be carried out on the project 
to determine all the potential impacts and devise appropriate mitigation proposals. Ensuring 
that the provision of railways does not impact adversely on any of these areas should inform 
the location and design of projects. Proximity of railways and their use can trigger off serious 
changes that could have long lasting effects on the integrity of these areas. A railway project 
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that avoids the ESAs or is at a reasonable distance such that it will have little or no negative 
impact on the ESAs should be preferable to one that is constructed within or close to an ESA. 

 

3.1.2. Noise Pollution 

Noise pollution is one of the most undesirable nuisances caused by transport and is regarded 
as a public health issue; transport noise affects human health through an increase in the risk 
of psychological and physiological disorders. 

Noise is a serious environmental side effect of rail transport, particularly freight transport. 
Railway noise stems from the friction between rough wheels and tracks. Noise is rated as the 
most serious environmental nuisance caused by railways. The maximum value of the 
locomotive noise could be up to100dB (A) due to the acute vibration of the locomotive body. 
Vibration is the most important non-noise problem. Reactions to vibrations are related to 
distance from route, train speed and number of trains. 

Exposure of persons to railway noise and vibration and the attendant disturbance is an 
important criterion in selecting which of two railway projects is considered environmentally 
sound for construction. Railway noise pollution tends to accentuate ambient noise levels 
beyond acceptable levels and as vehicular volumes and movements increase so does the 
noise they generate, adding to the stress of persons who live in communities along rail lines. 

Limiting the exposure of persons to railway noise pollution should therefore be an important 
consideration in planning and locating railways. A rail line located away from communities has 
therefore little or no impact on ambient noise levels in the communities and should be 
preferable to one that runs through or is close to the communities. 

 

3.1.3. Water quality 

A criterion on water quality would help in comparing rail projects in terms of their potential 
impacts on the quality of surface water bodies, which are important sources of water for a 
large proportion of Ghanaian households. Most households in rural communities depend on 
rivers and streams which are the major sources of water for all activities. Constructing 
railways over or in close proximity to water bodies has the potential of negatively affecting the 
quality of these bodies. 

It is important that the provision and use of railways do not pollute rivers and streams. 
Constructing and operating railways across water bodies could potentially impact negatively 
on water quality through the introduction of debris, vegetative material, waste oils, etc into 
water courses. The implementation of a railway project would necessitate excavations and 
earth movements which can expose fine materials that are susceptible to erosion. If 
construction takes place during the rainy season, suspended matter will be carried with the 
currents and eventually end up in streams and rivers. As a result, siltation and sedimentation 
of water bodies increase significantly during the construction of railways. 

During the operation phase, storm water run-off washes oils, grease, fuel, chemical and other 
hazardous from trains, rail lines and terminal operations into rivers via ditches. Additionally, 
organic and inorganic waste created by travelers at terminals and in trains may be washed by 
storm run-off into rivers.  
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It is inevitable that rail lines will cut across water bodies but in view of their potential impacts 
on water quality, it will be desirable that a project crosses a limited number of water bodies. A 
rail project that crosses a small number of rivers should be preferable to one that crosses a 
considerable number of these water bodies. 

 

3.1.4. Ecological zones 

Railway projects would have different impacts depending on the ecological zone in which they 
are located. Ghana is divided into six agro-ecological zones on the basis of climatic, 
vegetation and soils distribution. These ecological zones from north to south and their 
coverage of the regions are as follows: 

Table 18 : Ecological Zones 

Ecological Zone Coverage 

i. Sudan Savanna 
Upper East region, Upper West region 

ii. Guinea Savanna 
Northern region, northern Volta region, parts of Eastern 

region 

iii. Forest-Savanna 

Transition 
northern Brong Ahafo region, north-eastern Ashanti 

region, parts of Eastern and Volta regions 

iv. Semi-Deciduous Forest 
Brong Ahafo region, Ashanti region, northern Central 

region 

v. Rainforest 
Western region 

vi. Coastal Savanna 
Central region, Greater Accra 

 

Based on the fragility of soils, vegetative cover and the potential for erosion and rainfall 
variability, zones in the north are considered to be more environmentally fragile than those in 
the south. Potential environmental impacts of rail projects would relate directly to the degree 
of fragility of the zones; rail projects in the more fragile zones of the north can therefore be 
considered to have more serious impacts than those in the relatively stable zones in the 
south. 

 

3.1.5. Environmental impact potential 

Various rail projects will have different impacts on the environment. Broadly, railway works in 
Ghana can be categorized into: 

 
� Rehabilitation of railway (e.g. replacement of old sleepers)  
� Reconstruction of sections of rail tracks 
� Construction of new rail tracks 
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The rail works outlined above would have impacts with varying levels of significance on the 
environment. Preliminary identification of the potential impacts of rail projects would enable a 
comparison between them in order to select the one likely to have the least negative 
environmental effect. 

 

3.2 Methodology for measuring environmental effects indicators 

3.2.1. Scoring 

The methodology for measuring the above indicators involves the following: 

i. Spatial operations:  spatial operations would involve relating railway corridors to 
various thematic maps. To enable the spatial operations, the input (the proposed 
rail corridor and thematic maps) must be in GIS-ready form. To determine the 
distance between the rail line and an ESA, the corridor is overlaid on a map of the 
ESA; the distance between the rail line and the boundary of the ESA is then 
measured. . In a situation where a proposed rail line runs close to more than one 
ESA, the most negative score will be recorded since that indicates the closest the 
rail line comes to the ESA. 

To determine the number of settlements traversed by a railway project, the location 
map of the rail line is overlaid on a settlement map which shows the settlements 
along the railway corridor. The cities, towns and villages the rail line runs through 
are counted and recorded for scoring. 

To assess the impact of the proposed rail project on water quality, the proposed 
corridor is overlaid on a digitized hydrological map of Ghana and the number of 
water bodies that the rail line traverses is noted. Similar spatial operations are 
carried out to determine the location of the rail corridor with regard to the ecological 
zones. The rail corridor is overlaid on an ecological map, and the zone in which the 
rail line is located is noted. It is likely a rail line would lie within more than one 
ecological zone; in such a situation, the zone in which more than 50 percent of the 
length of the railway lies is recorded.  

 

ii. Scoring:  a scoring method is applied to generate environmental screening results 
which will be integrated into an overall multi-criteria scoring process for project 
prioritization. The sub-classes of each indicator are assigned scores as presented 
below.  

 

Based on the outcome of the spatial operations, a project is assigned a score on 
each of the indicators. The scoring on the environmental impact potential of rail 
works will, however, be based on professional judgment.  

 

Scores on the indicators range between 0 – 10; the lower the scored value on an 
indicator, the greater the potential negative impact on the environment. 
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To score the Proximity to Environmentally Sensitive Areas indica tor , the following scale is 
proposed: 

 
� Rail line within an ESA: 0 
� Distance between rail line and ESA is less than 500 metres: 2 
� Distance between rail line and ESA is between 500 metres – 1 km: 4 
� Distance between rail line and ESA is between 1 km – 3km: 6 
� Distance between rail line and ESA is between 3 km -5 km: 8 
� Distance between rail line and ESA is over 5km: 10 

 

To score the Number of Settlements Affected by Noise , the following scale is proposed: 

 
� Rail line passes through more than 49 settlements: 0 
� Rail line passes through 40-49 settlements: 2 
� Rail line passes through 30-39 settlements: 4 
� Rail line passes through 20-29 settlements: 6 
� Rail line passes through 10-19 settlements: 8 
� Rail line passes through less than 10 settlements: 10 

 

To score the Number of Rivers Crossed indicator , the following scale is proposed:  

 
� Railway crosses less than 5 rivers: 10 
� Railway crosses between 5 and 10 rivers: 8 
� Railway crosses between 11 and 15 rivers: 6 
� Railway crosses between 16 and 20 rivers: 4 
� Railway crosses between 21 - 25 rivers: 2 
� Railway crosses over 25 rivers: 0 

 

To score the Location of Railway indicator , the following scale is proposed: 

 
� Location of railway in Sudan Savanna zone: 0 
� Location of railway in Guinea Savanna zone: 2 
� Location of railway in Forest-Savanna Transition zone: 4 
� Location of railway in Coastal Savanna zone: 6 
� Location of railway in Semi-deciduous zone: 8 
� Location of railway in Rain forest zone: 10 

 

To score the Types of Railway Works indicator , the following scale is proposed: 

 
� Rehabilitation of rails: 10 
� Reconstruction of sections of rail lines: 5 
� Construction of new rail lines: 0 
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3.2.2. Weighting 

Based on professional judgment, weights are assigned to the sub-criteria. The weights will 
represent the relative importance attached to each of the criteria. The final score mixing the 
four sub-criteria should be obtained by applying the following weights: 

 
� Environmentally Sensitive Areas: 30% 
� Noise pollution: 15% 
� Water Quality: 10% 
� Ecological Zones: 15% 
� Environmental Impact Potential: 30% 
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4. Social evaluation of the railway projects 

The following table summarizes the proposed sub-criteria and indicators as well as the 
sources of measurement data. 

 

Table 19 : Social sub-criteria - Railways 

# SUB-CRITERIA INDICATORS MEASUREMENT SOURCES 

 Positive Social impacts 

1. Poverty Reduction Incidence of poverty  (refers to 
the proportion of a given 
population identified as poor)  

 

 

Ghana Statistical Service: 
Pattern and Trends of 
Poverty in Ghana 1991-2006 

 

District Development Plans 

District profiles on 
www.ghanadistricts.com 

2000 Population and Housing 
Census  Report  

 

 Negative Social Impacts  

2. Involuntary 
Resettlement 

1. Type of railway works  

 

2. Population of communities 
traversed   

Standards by Ghana Railway 
Company  

2000 Population and Housing 
Census Report 

Country maps 

District profiles on 
www.ghanadistricts.com 

World Bank Policy OP 4.12 

MOT Resettlement Policy 
Framework 

3. Destruction of cultural 
heritage  

Number of affected physical 
cultural resources (i.e. shrines 
and important monuments) 

Country Maps 

 

For railway travel safety, no detailed data is available on accident rates and this criterion 
cannot therefore be taken into consideration at this stage. 
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4.1 Definition of social effects sub-criteria and indicators 

Social effects of railway project can be analyzed using several sub-criteria but the sub-criteria 
proposed for this evaluation of social effects are: poverty reduction, involuntary resettlement 
and destruction of cultural heritage. 

 

4.1.1. Poverty reduction 

 

Indicator: Incidence of poverty 

Railway projects engender poverty reduction by providing access to markets for the poor in 
society, raising incomes and reducing the number of people considered to be poor.  

The incidence of poverty which refers to the proportion of a given population identified as poor 
(or the numbers classified as poor) is the proposed indicator for measuring poverty reduction. 
The current or pre-project incidence of poverty in the railway catchments area will show 
whether or not the railway will have more or less impact on poverty reduction. The Ghana 
Statistical Service published in April 2007 Pattern and Trends in Poverty in Ghana 1991-2006 
in which they present the incidence of poverty for all ten Administrative Regions as presented 
in table below: 

 

Table 20 : Poverty Incidence by Administrative Regi on (in percent) - Poverty line: GH¢ 
370.89 

 1991/92 1998/99 2005/06 

Western 60 27 18 

Central 44 48 20 

Greater Accra 26 5 12 

Eastern 48 44 15 

Volta 57 38 31 

Ashanti 41 28 20 

Brong-Ahafo 65 36 29 

Northern 63 69 52 

Upper West 88 84 88 

Upper East 67 88 70 

Ghana 52 40 29 

Source: Ghana Statistical Service 

 

Since all districts fall in one region or another, the regional poverty incidence can be applied to 
the districts within that particular region. 
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4.1.2. Involuntary resettlement 

Indicators: Type of railway works; Population of communities traversed 

Railway projects in Ghana comprise mainly the following: 

 
� Rehabilitation of railway (e.g. replacement of old sleepers)  
� Reconstruction of sections of rail tracks 
� Construction of new rail tracks 

 

The type of railway works determines the magnitude of the project and whether or not it might 
trigger safeguard issues and to what extent. Where the new right of way required may induce 
displacement of people and dismantle production systems increasing vulnerability and 
impoverishment, involuntary resettlement must be minimized or mitigated.  Whether or not a 
railway project would be adopted should depend on the extent to which involuntary 
resettlement can be minimized or mitigated.  

The population of communities traversed by the railway indicates whether it traverses 
principally urban built-up environment or rural catchments area and therefore the potential to 
lead to displacement of people. A railway that goes through a typically built-up area is likely to 
trigger involuntary resettlement. From a country map, one can locate the districts and 
communities traversed and the population data from the Ghana Statistical Service will inform 
decisions on the extent of likely impacts. 

 

4.1.3. Cultural heritage 

Indicator: Number of physical cultural resources 

Cultural heritage, otherwise referred to as physical cultural resources are defined as movable 
or immovable objects, sites, structures and natural features and landscapes that have 
archeological, paleontological, historical, architectural, religious, aesthetic, or other cultural 
significance. They are important sources of scientific and historical information, as assets for 
economic and social development, and as integral parts of a people’s cultural identity and 
practices. 

 

4.2 Calculation methodology of social effects indicators 

4.2.1. Evaluation of project potential for reducing poverty using incidence of poverty 

With the aid of Regional and District maps of Ghana, locate the region and districts traversed 
by the proposed railway and apply the appropriate percentage of poverty incidence. 

A railway project which goes through areas with high poverty incidence and enhances access 
to economic opportunities and social services is more likely to lead to higher levels of poverty 
reduction. For scoring the incidence of poverty indicator use the following scale: 

 



Egis Bceom International 
 

 

Page 81 Integrated Transport Plan for Ghana 

Volume 7: Multi-criteria Evaluation Manual Final Version 

 

Table 21 : Indicator: Average percentage incidence of poverty per districts traversed by 
railway 

Range 
(poverty incidence in percentage)  

Score 

1- 9 1 
10 - 19 2 
20 - 29 3 
30 - 39 4 
40 - 49 5 
50 - 59 6 
60 - 69 7 
70 - 79 8 
80 - 89 9 
90 - 99 10 

 

The higher the incidence of poverty, the higher the score of the railway, as a railway in a high 
poverty area is likely to have a higher impact on poverty reduction. 

 

4.2.2. Evaluation of involuntary resettlement 

1. The type of railway works:  will be given as one of the under listed which gives an 
indication of the magnitude of the project and prospects for land take and involuntary 
resettlement. 

� Rehabilitation of rails 
� Reconstruction of sections of rail lines 
� Construction of new rail lines 

 

2. Population of communities traversed 

Urban communities are those with 5,000 or more inhabitants therefore the percentage of 
communities with 5000 or more inhabitants constitute the measure. 

 

For scoring the type of works indicator use the following scale: 

 

Table 22 : Indicator: Type of railway works 

 

 

 

 

 

The type of railway works scored highest is what will involve comparatively minimum 
additional land take. 

 

Type of works Score 

Rehabilitation of railway 10 

Reconstruction of sections of rail lines 5 

Construction of new rail lines 0 
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For scoring the population of communities traversed indicator use the following scale: 

 

Table 23 : Indicator: Percentage of Communities tra versed which have 5,000 or more 
inhabitants 

Range Score  
0-9% 10 

10-19% 9 
20-29% 8 
30-39% 7 
40-49% 6 
50-59% 5 
60-69% 4 
70-79% 3 
80-89% 2 
90-99% 1 
100% 0 

 

The higher the percentage of communities with 5,000 or more inhabitants, the lower the 
score, as the likelihood of involuntary resettlement is higher, when the project goes through 
larger communities. 

 

4.2.3. Evaluation of Cultural Heritage that may be destroyed by project 

From District maps and maps of project corridors, a rapid appraisal that include brief 
discussions with cultural heritage institutions such us museums, Archeological departments 
within the universities, map up all cultural heritage properties along the project route which 
might be destroyed by the project. 

 

For scoring the number of cultural heritage indicator use the following scale: 

 

Table 24 : Indicator: Number of cultural heritage r esources that may be destroyed by 
project 

Range Score 
1-2 10 
3-4 8 
5-6 6 
7-8 4 
9-10 2 
More than 10 0 
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4.2.4. Weighting 

Based on professional judgment, weights are assigned to the indicators. The weights will 
represent the relative importance attached to each of the sub-criteria. The final score mixing 
the four indicators should be obtained by applying the following weights: 

 

Table 25 : Weight of indicators 

Sub Criteria Indicator Weight 

Poverty Reduction Incidence of poverty 40 % 

Involuntary resettlement Type of railway works 25 % 

 
Population of communities 
traversed 

10 % 

Destruction of Cultural 
heritage 

Number of cultural heritage 
resources on the route likely to be 
destroyed 

25 % 

 

5. Strategic access evaluation of the railway projects 

The following table summarizes the proposed sub-criteria and indicators as well as they 
measurement sources. 

Table 26 : Strategic Access sub-criteria - Railways  

Criterion Possible indicators Measurement 

Access to strategic 
commercial/production centers 

Number of centers 

Volume of trade (tonnage and/or value) 

Survey 

Survey 

Access to strategic port(s) Throughput/capacity of the port Available data and 
forecast 

Access to strategic airport Number of flights per day Available data and 
forecast 

Access to border crossing Number of countries 

Volume of trade (tonnage and/or value) 

Available data and 
forecast 

 

5.1 Definition of the possible strategic access sub-criteria 

The strategic access criterion regards the capability of the projects to improve the economic 
and physical access to strategic commercial, production or tourism centers and areas or 
strategic transport routes for goods and passengers. The four following sub-criteria may be 
identified with respect to this criterion:  
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� Access to strategic commercial/production centers/a reas . The strategic commercial 
centers include national or regional market places concentrating an important volume of 
trade. Similarly, the strategic production centers/areas include big factories or industrial 
zones as well as important agriculture areas.  

� Access to strategic port(s).  These ports are known. They include in addition to the 
maritime ports of Tema and Takoradi, the inland ports of Akosombo, Buipe, Debre and 
land port of Boankra. 

� Access to strategic airports . Not relevant for railways 
� Access to strategic border crossings . These border crossing are those located on 

recognized transit routes. Although no railway connects to a border crossing, the sub-
criteria may apply to new railway projects. 

 

5.2 Selection of the strategic access indicators 

It is proposed to take into account the following indicators to account for the capability of the 
projects to improve the economic and physical access to strategic transport routes for goods 
and passengers. Each of these indicators measure one of the three relevant sub-criteria 
discussed in Chapter 9 5.1: 

 
� Access to strategic commercial/production centers/a reas: Number and volume of 

trade of strategic commercial/production centers/areas connected. 
� Access to strategic port(s): Throughput/capacity of the port(s) connected. 
� Access to border crossings:  Number of countries and trade volume or traffic at border 

crossing. 

 

5.3 Measurement methodology of the strategic access indicators 

5.3.1. Access to strategic commercial/production centers/areas 

Once the zone of influence of the project is identified as discussed in Chapter 9 2.2.2, a 
specific survey should be undertaken in order to identify and count the strategic national or 
regional market places and production centers/areas discussed in Chapter 9 2.5.1. This 
survey may consist of interview of stakeholders of the different sectors concerned (i.e. trade, 
industry, agriculture) and collection of available data on volumes of trade and production, etc. 

 

5.3.2. Access to ports 

Available data and forecast will be used to assess the existing and forecasted throughput and 
capacity of the port(s) connected by the study railway. 

 

The maritime ports include: 

 
� Tema: 8.2 million tons (Mt) throughput in 2007 of which 0.8 Mt transit and 490,000 TEU. 
� Takoradi : 4.1 Mt in 2007 of which 0.2 Mt transit and 52,200 TEU. 
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The inland ports include: Akosombo, Buipe and Debre for which no throughput data is 
available. The land port of Boankra is under development. 

 

5.3.3. Access to border crossings 

The road border crossings presently open to traffic include (traffic figures in AADT are drawn 
from 2008 ITP survey): 

 
� Aflao, at the Togo border, on the N1 road from Accra and Tema to Lome, AADT 12,465. 
� Elubo, at the Cote d’Ivoire border, on the N1 road from Accra to Aboiso and Abidjan, 

AADT 1,214. 
� Gonnokrom, at the Cote d’Ivoire border, on the N6 road from Accra, Kumasi and Sunyani 

to Yamousoukro, AADT 1,947. 
� Hamlie, at the Burkina Faso border, on the N12 road from Sunyani and Wa, AADT 162. 
� Paga, at the Burkina Faso border, on the N10 road from Kumasi and Tamale to Po and 

Ouagadougou, AADT 766. 
� Kulungugu, at the Burkina Faso border, on the N2 road from Tema, Asikuma, Nkwanta 

and Yendi to Fada Ngourma, AADT 214. 

 

The AADT gives an indication of the volume of trade with the neighboring countries that can 
be useful to assess possible railway project connecting to borders. 

 

5.4 Scoring and weighting system of the strategic access indicators 

 

To score the access to strategic commercial/production centers/a reas  sub-criterion (refer 
to Chapter 9-5.3.1), it may be used the following scale: 

 
� number of strategic centers or areas served by the railway 10 and more: 10.0 
� number of strategic centers or areas served by the railway 9: 9.0 
� number of strategic centers or areas served by the railway 8: 8.0 
� number of strategic centers or areas served by the railway 7: 7.0 
� number of strategic centers or areas served by the railway 6: 6.0 
� number of strategic centers or areas served by the railway 5: 5.0 
� number of strategic centers or areas served by the railway 4: 4.0 
� number of strategic centers or areas served by the railway 3: 3.0 
� number of strategic centers or areas served by the railway 2: 2.0 
� number of strategic centers or areas served by the railway 1: 1.0 
� number of strategic centers or areas served by the railway 0: 0.0 
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In scoring the access to strategic ports  sub-criterion (refer toChapter 9-5.3.2), it is proposed 
to use the following scale: 

 
� For the maritime ports: 

• throughput = 5 million tons and more (i.e. Tema): 10.0 
• throughput < 5 million tons (i.e. Takoradi): 5.0 

 
� For the inland ports of Akosombe, Buipe and Debre: 3.0  
� No port connected: 0.0 

 

In scoring the access to strategic border crossings  (refer to Chapter 9-5.3.3), it is proposed 
to use the following score system: 

 
� connecting to border crossing where AADT > 5,000: 10.0 
� connecting to border crossing where AADT is between 1,000 and 5,000: 8.0 
� connecting to border crossing where AADT is between 500 and 1,000: 6.0 
� connecting to border crossing where AADT is between 100 and 500: 4.0 
� connecting to border crossing where AADT is between 10 and 100: 2.0 
� no border crossing connected: 0.0 

 

The final score mixing the three sub-criteria  should be obtained applying the following 
weight: 

 
� 40 % to the score of the access to strategic commercial/production/tourism centers/areas 

sub-criterion, 
� 30 % to the score of the access to strategic ports sub-criterion. 
� 30 % to the score of the access to strategic border crossings sub-criterion. 

 

6. Inter modal integration of the railway projects 

The following table summarizes the proposed sub-criteria and indicators as well as they 
measurement sources. 

Table 27 : Intermodal Integration sub-criteria - Ra ilways 

Criterion Possible indicators Measurement 

Connection to other 
transport mode facility 

According to kind of facility (road,  port) 

Capacity of the facility (AADT, throughput) 

Available data 

Available data 

Use of containers Storage capacity (in case of railway station or port) 

Handling capacity (number of containers per hour) 

Use of trailer able to carry containers (number per day) 

Available data 

Available data 

Survey 
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6.1 Definition of the possible inter modal integration sub-criteria 

 

The inter modal criterion is related to interchange facilities required as part of transport 
infrastructure projects. The following sub-criteria are identified with respect to this criterion:  

 

1. Connection to other transport mode facility. For railways, other transport mode 
facilities include roads and ports since airport connection is irrelevant. 

2. Use of containers.  One of the most important tool used in inter modal transport is the 
containers that may be carried by ship, railway or trucks. The inter modal use of 
containers depend on the interchange facilities with road transport at railway stations and 
ports at rail terminal (storage and handling facilities) as well as in the availability of trailers 
able to carry them. 

 

6.2 Selection of the possible inter modal integration indicators 

It is proposed to take into account the following two indicators related to interchange facilities 
required as part of transport infrastructure projects: 

 
� Connection to other transport mode facility: Number of other mode facilities connected and 

capacity (e. g. AADT, port throughput). 
� Use of containers: characterized by the number of container storing facilities, their capacity 

in number of containers stored and handled daily, and the number of trailers able to carry 
containers. 

 

6.3 Measurement methodology of the inter modal integration indicators 

6.3.1. Connection to other transport mode facility 

Chapter 9-5.3.2 discusses the access to strategic ports. The present sub criterion regards the 
connection to the same type of facility regardless to the magnitude of the facility and his 
strategic role as shown hereafter. It also includes the connection to roads at railway stations. 

The port facilities  to be considered include, in addition to those mentioned in Chapter 9 5.3.2 
(i.e. Tema, Takoradi, Akosombo, Buipe and Debre and land port of Boankra), all the other 
ports including ferry terminals (e.g. Yegi, Makongo, Kwadjokrom, Kete Kratchi, Adawso, Ekyi 
Amanform, Donokrom, Kpandu). 

The railway stations  to be considered include, in addition to those mentioned in Chapter 9 
5.3 (i.e. Takoradi, Manso, Dunkwa, Accra, Achimota, Pokoase, Nsawam, Asoprochona and 
Tema), all the other railway stations that are connected to the road network.  

Because the capacity of the non strategic facilities is not necessarily known, it is proposed to 
consider only the number of facilities as indicator. 
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6.3.2. Container use 

As discussed in Chapter 9 6.1, the inter modal use of containers depend on the interchange 
facilities with road transport at railway stations and ports at railway terminals (storage and 
handling facilities) as well as in the availability of trailers able to carry them. 

The indicators that help measure the use of containers include the number of container 
storing facilities connected (both at ports and railway stations), their capacity in number of 
containers stored and handled daily, and the number of trailers able to carry containers. As far 
as data on storage and handling capacity are not available (in particular at railway stations), it 
is proposed to consider only the number of facilities connected.  

 

6.4 Scoring and weighting system of the inter modal integration indicators 

To score the connection to other transport mode facilities sub-criterion (refer to Chapter 9 
6.3.1), it is proposed to use the following scale: 

 
� 5 and more facilities connected: 10.0 
� 4 facilities connected: 8.0 
� 3 facilities connected: 6.0 
� 2 facilities connected: 4.0 
� 1 facility connected: 2.0 
� no facility connected: 0.0 

 

To score the use of containers sub-criterion (refer to Chapter 9 6.3.2), it may be used the 
following scale: 

 
� 3 and more container storage/handling facilities connected: 10.0 
� 2 container storage/handling facilities connected: 5.0 
� 1 container storage/handling facilities connected: 3.0 
� no container storage/handling facilities connected: 0.0 

 

The final score mixing the two sub-criteria  should be obtained applying the following 
weight: 

 
� 60 % to the score of the connection to other transport mode facilities sub-criterion, 
� 40 % to the score of the use of containers sub-criterion. 
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7. Overall weighting system 

 

The following table shows the possible weighting system of the criteria and sub-criteria.  

 

Table 28 : Possible weighting system of railway pro jects 

CRITERION WEIGHT SUB-CRITERION WEIGHT
Economic viability 50.0%

NPV/Investment Cost 60.0%
Optimum year of putting in operation 40.0%

100.0%
Environmental impact 15.0%

Environmentally sensitive areas 30.0%
Noise pollution 15.0%
Water quality 10.0%
Ecological zones 15.0%
Environmental impact potential 30.0%

100.0%
Social impact 15.0%

Incidence of poverty 40.0%
Type of railway works 25.0%
Population of communities traversed 10.0%
resources on the route likely to be 
destroyed 25.0%

100.0%
Strategic access 10.0%

Commercial/production center 40.0%
Port 30.0%
Border crossing 30.0%

100.0%
Inter modal integration 10.0%

Other mode facility 60.0%
Use of containers 40.0%

100.0%
100.0%  
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Chapter 10 Port projects evaluation 

1. Evaluation criteria of the port projects 

 

The criteria discussed in chapter 1 for road projects evaluation have to be adjusted as follows: 

 
� Economic viability.  This criterion takes into account the economic viability of the projects 

and should use indicators based on a cost-benefit approach. It still applies to port projects. 
� Environmental effects . This criterion takes into account the possible negative 

environmental impacts of the projects. The type of impact may vary from one mode to 
another. For instance, port projects have an impact on marine ecosystems that has not to 
be considered for other modes. On the other hand, some types of impact are to be 
considered both for port and road projects (e.g. impact on ecologically sensitive areas, 
biodiversity preservation and land take in case of land side expansion of ports). 

� Social effects . In particular, this criterion takes into account the effects of the project on 
poverty alleviation. This effect is mainly related to the increasing accessibility to job 
opportunity and health/education services given to poor people; however, it also takes into 
account negative impacts such as resettlement. It may apply to port projects. 

� Strategic access.  This criterion takes into account the capability of the projects to improve 
the economic and physical access to strategic transport routes for goods and passengers. 
Maritime port projects in essence have the capability to improve the access to international 
maritime routes and trade. Inland ports also play the part in improving access to remote 
areas. Since all port projects comply with this criterion, it is not necessary to evaluate it. 

� Inter and intra modal integration . This criterion is related to interchange facilities 
required as part of transport infrastructure projects. In general, ports are not isolated and 
are already connected to road network. Since all port projects comply with this criterion, it 
is not necessary to evaluate it. 

� Local access . This criterion regards local access aspects including integration of NMT 
and is not applicable to port projects. 

 

It is proposed to take into account the following three criteria only in port projects evaluation: 

 
� Economic viability. 
� Environmental effects. 
� Social effects. 
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The following flow-chart summarizes the port projects multi-criteria evaluation process: 

 

Economic Environmental Social
Viability Effects Effects

Measurement of Indicators

Scoring of Indicators

Final Unique Score

 

Figure 6 : Port projects multi-criteria evaluation process 

 

2. Economic evaluation of the port projects 

The following flow-chart summarizes the economic evaluation methodology of port projects: 

 

- Connecting roads and railway
- Area of influence (hinterland)

Determination of the main assumptions of the study - 'With' and 'Without Project' situations
- Main products imported/exported
- Horizon years  

 

Investment & Port Throughput Costs of Ship Ship Waiting 
Maintenance Forecast Iddle Time Time and Cost

Costs Savings

Calculation of the Economic Indicators

 

Figure 7 : Economic evaluation methodology of port projects 

 

2.1 Selection of the economic viability indicators 

The same economic viability indicators proposed for road and railway projects evaluation 
discussed in 2.2, and 9.2.1 are proposed for port projects evaluation, that is: 
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� NPV / Discounted Investment Cost Ratio . This ratio helps compare two projects since it 
gives a measurement of investment costs effectiveness. It reflects the yield of net present 
value of a project by unit value of investment. The Net Present Value (NPV), or total 
discounted profit, is equal to the sum of the discounted net benefits. A project is 
acceptable as long as NPV > 0 and therefore, NPV / Discounted Investment Cost Ratio > 
0. 

 
� Optimum year of putting in operation . The optimal time to put the project in operation is 

the earliest year for which the First Year Rate of Return (FYRR) is greater than the 
opportunity cost of capital (i.e. 12%). The FYRR is the ratio between the net benefit during 
the first year after completion of the project and the present value of capital investments 
(i.e. discounted over the construction period).  

 

2.2 Determination of the main assumptions of the study 

The main assumptions of the study include the following: 

 

1. Identification of the port project and the competing and connecting roads. 

2. Zone of influence of the port project. 

3. Identification of the ‘without’ and ‘with project’ situations. 

4. Identification of the main products transported. 

5. Identification of the horizon years. 

 

2.2.1. Identification of the port project and the connecting roads and railways 

The consistency of the project should be clearly identified since it may correspond to different 
types of investment such as the following: 

 
� Open storage extension (for bulk cargo). 
� Warehouse extension (for general cargo). 
� Container yard extension. 
� Handling equipment acquisition. 
� Dredging (to increase depth and ship size). 
� Additional berth construction. 

 

An appropriate map should show the location of the port and the connecting roads and 
railways. In particular, the classification (i.e. trunk, feeder or urban), type (i.e. AC, BST, 
gravel), length, and condition (i.e. good, fair, bad, impassable) of the connecting roads should 
be clearly identified together with the characteristics of the connecting railways in order to 
determine the hinterland of the port (refer to Chapter 10-2.2.2). 
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2.2.2. Identification of the zone of influence (hinterland) 

The hinterland of the port is defined in relation to the road and railway networks serving the 
port and the zone of influence of the related roads and railway lines (refer to Chapter 2-3.1.2 
and Chapter 9-2.2.2 respectively). It should be noted that the hinterland may include all or part 
or landlocked neighboring countries. 

When two ports are in competition, the delineation of their hinterland depends on the 
generalized cost of transport to the respective ports. This delineation is defined by the 
‘isocost’ line (i.e. the line consisting of the points with the same transport cost to both ports). 
This delineation will depend on the length and the condition of the related roads and railways 
(refer to Chapter 10-2.1). 

 

2.2.3. Identification of the ‘without’ and ‘with project’ situations 

The ‘without project’ situation is used as a reference situation in order to compare with it the 
‘with project’ situation and make possible the estimation of the benefits accruing from the 
project. In the ‘without project’ situation it is assumed that the study project is not 
implemented.  

The ‘without project’ case is defined as the existing port facilities being kept as they are, 
without construction of new berths or extension of storage facilities or additional handling 
equipment. In this case, the existing port facilities will be used to their maximum capacity; with 
an increasing degree of congestion and increasing ship waiting time.  

Under the ‘with project’ case, new port facilities are provided consisting either of construction 
of new berths or extension of storage facilities or additional handling equipment, or both as 
the case may be. Queuing and waiting time are reduced. 

 

2.2.4. Identification of the main products imported/exported 

In order to simplify the study, it is desirable to focus on the main products (e.g. those 
accounting for at least 80 % of total tonnage) produced or projected in the hinterland of the 
port likely to be imported/exported. These products may include agricultural, mining, industrial 
and traded goods. A particular attention should be made to transit traffic and products to/from 
landlocked neighboring countries. 

 

2.2.5. Identification of the horizon years 

The base year is the year for which most of the required data (e.g. agricultural and mining 
production exported, goods imported and traffic) are available. 

Port works completion is assumed to occur within one to three years depending on the 
complexity of the project. The year following the construction years is the year of putting in 
operation. In order to take full account of benefits, the analysis period which starts on the 
construction year, should include 20 additional years of service totaling 21 to 23 years. 
Benefits begin to accrue in the year of putting in operation of the project. 
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2.3 Estimation of the economic investment and maintenance costs 

2.3.1. Financial and economic costs 

As discussed in Chapter 2-3.2.1, economic costs should exclude taxes that are transferred 
from economic agents (e.g. contractor) to Government. Generally base engineering costs 
exclude Value Added Tax but still include indirect taxes (e.g. import levies on construction 
equipment and materials). There is no standard economic conversion factor in use in Ghana. 
Recent road studies have used factors in the range of 0.85 to 0.90 to account for exclusion of 
these indirect taxes. As rough guess, it is proposed to use the same 0.9 conversion factor for 
port projects as for road projects. However, since port project may include a higher import 
value because of imported handling equipment, it would be preferable to check this 
assumption. 

 

2.3.2. Economic investment costs 

Construction costs are estimated by engineers including financial contingencies (e.g. 
inflation). Economic costs should exclude any financial contingencies since economic 
evaluation is undertaken at constant price. Investment costs should include design and 
supervision costs estimated at 3-5% of construction costs. Economic investment cost is then 
estimated further to the above mentioned adjustments. 

In order to homogenize the implementation schedule of the projects, it may be assumed that 
the capital costs are incurred over a construction period starting at the beginning of the 
analysis period, that this construction period lasts 3 years (except for investment that may be 
realized in one year, such as storage extension or handling equipment acquisition), and that 
successively 30%, 40%, and 30% of the total cost is annually spent. At the end of the analysis 
period, a 50% residual value of the construction cost is taken into account. For heavy handling 
equipment (e.g. Container Gantry Cranes, transtainers, fixed bulk handling facilities) the 
residual value depends on the age and date of last overhaul, it varies from 10 % to 60 % or 
80 %. For mobile cranes and mechanical equipment of more than 5 years, residual value 
should be taken at 0 %. 

 

2.3.3. Economic operation and maintenance costs 

Maintenance of port facilities includes periodic maintenance and repairs of infrastructure and 
equipment. Infrastructure maintenance includes maintenance dredging of access channel and 
basin, maintenance of breakwaters, slope protections, berths, warehouses, silos, open 
storage facilities and container yard, road and railway connecting links and other utilities 
(drainage, parking areas, administration buildings, workshop, safety facilities). Equipment 
maintenance includes periodic maintenance of mechanical equipment (forklifts, tractors, 
trailers, SSG, RTG, reach-stackers, front-end loaders, harbor cranes and bulk handling 
equipment). For heavy handling facilities such as harbor cranes and bulk handling facilities, 
part of maintenance interventions is to be included in infrastructure maintenance (rail tracks, 
towers, conveyor belt infrastructure and utilities). 

Annual maintenance costs may be reckoned in percent of economic costs of investment. For 
infrastructure, a standard ratio applies to investment cost to cover the annual costs of 
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maintenance and repairs. For marine works (breakwater, slope protection and wharves), 
annual maintenance cost is estimated at 0.3 % of corresponding investment cost. Annual 
maintenance cost of open storage facilities and container yards is taken at 1 % and that of 
warehouses and silos at 2 % of corresponding investment costs. 3 % of investment costs is 
considered for access roads and utilities, including administration buildings. The related cost 
estimates will be factored by 0.9 in order to derive economic costs of maintenance as per the 
investment costs. 

 

2.4 Estimation of port throughput and related benefits 

2.4.1. Throughput forecast 

Port traffic forecast should be based on the assessment of the main products likely to be 
imported/exported. As discussed in Chapter 10-2.2.4, these products may include agricultural, 
mining, industrial and traded goods, in particular, products that can be shipped in bulk (e.g. 
mining and oil products, clinker) and products that can be transported in containers. The 
volume of traffic should be estimated taking into account production and consumption 
prospects as well as import/export projections. A particular attention should be paid to transit 
traffic and products to/from landlocked neighboring countries. 

It should be noted that port traffic forecasts should be undertaken by type of conditioning (i.e. 
dry and liquid bulk, general cargo and containers) because economic benefits depend on 
savings in service time and waiting time of ships that vary according to the type of 
conditioning. 

 

2.4.2. Benefit estimation 

Saving of ship waiting time is one of the main quantifiable benefits of port investment for 
economic evaluation. Port operation improvement e.g. shortening service time by increasing 
handling productivity will affect shipping operation by reducing ship waiting time. Port capacity 
investment projects are meant to reduce ship waiting time which inevitably affects port 
operations to varied degrees as demand increases and ultimately causes port congestion.  

Ship waiting time are estimated in both ‘with’ and ‘without project’ situations at the horizon 
years. Saving of ship waiting time is based on the ship queuing theory. For a given number of 
berths operating as a group, ship waiting time depends on the number of ship arrivals and 
ship servicing time. In any given group of berths, waiting time depends on the aggregated 
service time in number of days per year. Ship waiting time in any situation of number of berths 
and service time can be calculated by graphic resolution (see Appendix 2). Waiting time is 
given in number of days in one year.  

Savings of ship waiting time multiplied by the daily cost of idle time of the corresponding ship 
category and size will provide the economic benefit accruing from the interventions. Daily cost 
estimates of ship berthing are based on time charter freighting costs for concerned categories 
of ships. Assumed costs of idle time for a sample of different categories of ships are shown in 
the following table. 
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Table 29 : Costs of ship idle time 

Category/size of Vessel 
Idle Time Cost 
(US $ per day) 

Cargo Ship/Bulk Carrier  
10,000 DWT 2,700 
15,000 DWT 3,500 
40,000 DWT 5,500 
45,000 DWT 6,000 

Container Carrier  
5.000 DWT  5,000 
14,000 DWT (750 TEU) 8,500 
30,000 DWT (1500 TEU) 12,000 
   Note : Additional fuel surcharge may apply by 2008/2009 if fuel costs continue to climb. 

 

When a situation of saturation is attained in any given port, diversion to the nearest port is 
considered. Additional costs per ton or TEU are added for transfer of cargoes from and to the 
diversion port. This method applies to storage facilities reaching maximum capacity. When a 
container yard or open storage becomes saturated, additional costs are taken into account 
either for diversion of cargo through another port or storage in alternative private facilities 
around the congested port.  

Port capacity extension interventions also generate secondary economic benefits although 
these additional economic benefits are not taken into account in the present analysis. These 
benefits include congestion overcharge and financial savings on valuable cargoes. When 
goods are being transported, they cannot be bought or sold. Any saving of time in transit 
translates into financial saving by applying an interest rate to the inventory cost of goods, to 
represent the time the goods are in transit. 

 

2.5 Calculation of the economic indicators 

The evaluation of the port projects may be undertaken in two steps. First the optimum year of 
putting in operation is determined using the First Year Rate of Return (FYRR) method. This 
method helps determine the scheduling of the projects. Then economic indicators such as 
NPV or IRR are calculated according to the optimum implementation schedule. 

 

2.5.1. Base study 

As discussed in Chapter 2-3.7.1, the First Year Rate of Return (FYRR)  is the ratio between 
the net benefit during the first year after completion of the project (i.e. the difference between 
the generalized costs of the project situation and the reference situation) and the present 
value of capital investments (i.e. discounted over the construction period). The optimal time to 
put the project in operation is the earliest year for which the FYRR is greater than the 
opportunity cost of capital. This cut-off rate is estimated at 12%.  
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Benefits may be estimated for the first year of operation (f) and the last year (n) of analysis 
period. Benefits for a year i different from these years may be estimated by extrapolation in 
relation to beginning and end years, assuming the expansion factor from one year to another 
as a geometric function, using the following formula: 

 

Benefityear i = Benefityear f x (Benefityear n / Benefityear f) (i - f) / (1/(n – f)) 

 

The year i when the FYRR is higher than 12% is calculated by solving the following equation 
through its logarithmic expression: 

 

Benefityear f x (Benefit year n / Benefityear f) (i - f) / (1 / (n – f)) = 0.12 x I 

(i - f) x Log (Benefit year n / Benefityear f)(1 / (n – f)) = Log (0.12 x I) / Benefityear f 

i = f + Log ((0.12 x I) / Benefityear f) / Log (Benefit year n / Benefityear f)(1 / (n – f)) 

 

where I is the discounted capital investment cost. In order to homogenize the implementation 
schedule of the projects, it may be assumed that the capital costs are incurred over a 
construction period lasting 3 years, and that successively 30%, 40%, and 30% of the total cost 
is annually spent.  
 

Once the optimum year of putting in operation is determined, The Net Present Value (NPV)  
will be calculated according to the optimum implementation schedule and using a 12% 
discount rate. In addition the NPV / discounted Investment Cost ratio will also be calculated.  

 

The Internal Rate of Return (IRR)  may also be computed on the basis of the yearly 
costs/benefits streams. Costs and benefits are estimated by comparing the ‘with project’ 
situation to the reference ‘without project’ situation. 

 

Usual spreadsheet software includes IRR and NPV calculation functions.  

 

As already discussed, the economic life duration of the project should be twenty (20) years. 
The analysis period should include the construction duration assumed to last 1 to 3 years. 
Therefore, the analysis period will cover 21 to 23 years. 

 

The investment costs discussed in Chapter 10-2.3.2 are applicable to the ‘with project’ 
situation in the first years of the analysis period. At the end of the analysis period, a 50% 
residual value of the construction cost may be taken into account. This percentage of salvage 
value is based on normal service life of the various components of the construction. For heavy 
handling equipment, the salvage value is 30%. 

 

Project benefits discussed in Chapter 10-2.4.2 are applicable on a yearly basis, starting on the 
year of putting in operation of the project railway. 
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2.5.2. Sensitivity analysis 

Sensitivity analyses should be undertaken in order to assess the sensitivity of the economic 
indicators to the variance of the main parameters. In particular the following sensitivity tests 
should be made: 

 
� Sensitivity Test 1: construction costs increased by 20 %. 
� Sensitivity Test 2: overall benefits reduced by 20 %. 
� Sensitivity Test 3: combination of Tests 1 and 2 above. 

 

Test 2 takes into account a benefit reduction regardless the reason which may be an 
overestimation of traffic. 

 

2.6 Scoring and weighting system of the economic viability indicators 

To score the NPV / Discounted Investment Cost Ratio  sub-criterion, it may be used a scale 
such as the following: 

 
� ratio between 0.00 and 0.10: 1.0 
� ratio between 0.11 and 0.20: 2.0 
� ratio between 0.21 and 0.30: 3.0 
� ratio between 0.31 and 0.40: 4.0 
� ratio between 0.41 and 0.60: 5.0 
� ratio between 0.61 and 0.80: 6.0 
� ratio between 0.81 and 1.00: 7.0 
� ratio between 1.01 and 2.00: 8.0 
� ratio between 2.01 and 4.00: 9.0 
� ratio > 4.01: 10.0 

 

The final scale should be adjusted to real values calculated on a larger sample of projects. 

 

To score the optimum year to putting in operation  sub criterion it may be assumed that 
projects which optimum year is at the beginning of the planning period (i.e. 2011) are given 
the score 10 while projects which optimum year is at the end of the period (i.e. 2035) are 
given the score 1. The score y of a project which optimum year is i is calculated by 
interpolation using the following formulas: 

 

(2023 - i) / (2035 - 2011) = (y - 1) / (10 - 1) 

y = 1 + 9 x (2035 - i) / 24 
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The final score mixing the two sub-criteria  should be obtained applying the following 
weight: 

 
� 60 % to the score of the NPV / Discounted Investment Cost Ratio, 
� 40 % to the score of the optimum year to putting in operation. 

 

3. Evaluating environmental effect of port projects 

The following table summarizes the proposed sub-criteria and indicators as well as the 
sources of measurement data. 

 

Table 30 : Environmental sub-criteria - Ports 

Sub-criteria Indicators Sources of measurement 

1. Environmentally 
sensitive areas 

• Proximity of port to 
environmentally sensitive 
areas 

Relevant thematic  maps 

Source: Forestry Commission 
(Forestry Services Division, 
Wildlife Division); EPA; Centre 
for Remote Sensing and GIS 
(CERSGIS), Univ. of Ghana 

2. Noise • Proximity of port to 
communities 

Thematic (land use) maps 

Source: Town and Country 
Planning 

3. Environmental 
impact potential 

• Types of port works Professional judgment 

Documentary sources: GPHA, 
Ministry of Transportation 

 

As impact of air pollution is already and will be an issue for the future, actions must be taken 
and equipment put in place in order to gather reliable data which is not available now, for 
future incorporation to the environmental impact evaluation sub-criteria. 

 

3.1 Definition of environmental effects sub-criteria and indicators 

3.1.1. Environmentally Sensitive Areas (ESAs) 

 

This criterion, as applied in the case of other transport projects, would help in comparing the 
relative potential effects of two port projects on environmentally sensitive areas. Twelve 
environmentally sensitive areas are listed in Schedule 5 of Environmental Assessment 
Regulations, 1999 (LI 1652): 
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1. All areas declared by law as national parks, watershed reserves, wildlife reserves and 
sanctuaries including sacred groves. 

2. Areas with potential tourist value. 

3. Areas which constitute the habitat of any endangered or threatened species of 
indigenous wildlife (flora and fauna). 

4. Areas of unique historic, archaeological or scientific interests. 

5. Areas which are traditionally occupied by cultural communities. 

6. Areas prone to natural disasters (geological hazards, floods, rainstorms, earthquakes, 
landslides, volcanic activity etc.) 

7. Areas prone to bushfires. 

8. Hilly areas with critical slopes. 

9. Areas classified as prime agricultural lands. 

10. Recharge areas of aquifers. 

11. Water bodies characterized by one or any combination of the following conditions –  

a. water tapped for domestic purposes; 

b. water within the controlled and/or protected areas; 

c. water which support wildlife and fishery activities. 

12. Mangrove areas characterised by one or any combination of the following conditions-  

a. areas with primary pristine and dense growth 

b. areas adjoining mouth of major river system; 

c. areas near or adjacent to traditional fishing grounds; 

d. areas which act as natural buffers against shore erosion, strong winds or storm 
floods. 

 

Providing a port facility close to an environmentally sensitive area raises the potential risk of 
disturbing the integrity of the area. Due to their sensitive nature, all areas designated as such 
are to be avoided, where possible, by all development. Ensuring that the provision of port 
infrastructure does not impact adversely on any of these areas should inform the siting and 
design of ports. Proximity of a port and operational activities there can trigger off serious 
environmental changes in ESAs. A port facility that is located away from an ESA such that its 
presence and operations will have little or no negative effect on the area should be preferable 
to one that is constructed within or close to an ESA. 
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3.1.2. Noise 

Exposure to noise and vibration and the attendant annoyance could be used as a criterion in 
assessing two port projects and deciding on which one is environmentally sound for 
implementation. Noise is one of the most undesirable nuisances caused by transport and is 
regarded as a public health issue. Noise from port operations, like other transport noise, 
affects human health, through an increase in the risk of psychological and physiological 
disorders. 

Noise and vibration generated by cargo operations, ship traffic, road traffic and other port 
activities cause nuisances to local people. Noise from ports is a major source of nuisance and 
tends to accentuate ambient noise levels beyond acceptable levels.  
Port construction activities may create a problem of noise and vibration generated by blasting 
and other civil works, operation of construction equipment, movement of truck traffic, work 
vessels and other similar sources.  

Increased noise resulting from maneuvering and berthing ships, operation of heavy duty 
vehicles, equipment and machinery and the waterfront industry as well as business activities 
at ports generate noise which could impact negatively on ambient noise levels in neighbouring 
communities, especially residential areas. Noise from ports could add to the stress of persons 
who work or live in nearby communities. 

 Limiting the exposure of persons to port yard noise should therefore be an important 
consideration in planning and siting ports. A port located away from settlements or other 
places of human concentration and therefore does not expose lots of persons to the stress 
associated with high noise levels may be prioritized over one that will have an opposite effect.   

 

3.1.3. Environmental impact potential 

Different activities involved in the construction and operation of ports will have different effects 
on the environment. Generally, port works can be categorized into: 

 
� Rehabilitation of existing facilities  
� Reconstruction of sections of ports (e.g. dredging of dock areas) 
� Construction of new ports 
 

The above-mentioned works would have impacts with varying levels of significance on the 
environment. Preliminary identification of the potential impacts of these works would enable a 
comparison between them in order to select the one likely to have the least negative 
environmental effect. 

 

3.2 Methodology for measuring environmental effects indicators 

3.2.1. Scoring 

The methodology for measuring the indicators involves the following: 
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i. Spatial operations:  spatial operations would involve relating port locations to various 
thematic maps. To enable the spatial operations, the input (the proposed sites and 
thematic maps) must be in GIS-ready form. To determine the distance between the 
port and an ESA, a location map of the port is overlaid on a map of the ESA; the 
distance between the port and the boundary of the ESA is then measured. In a 
situation where a proposed port is located close to more than one ESA, the most 
negative score will be recorded since that indicates the closest the port is to an ESA. 

Similarly, the distances between the port and communities are determined by 
overlaying the airport’s location map on a land use map of the project area. The 
distances between the airport and the communities are recorded. It is, however, the 
distance between the airport and the closest community that is recorded for scoring. 

 

ii. Scoring:  a scoring method is applied to generate environmental screening results 
which will be integrated into an overall multi-criteria scoring process for project 
prioritization. The sub-classes of each indicator are assigned scores as presented 
below.  Scores on the indicators range between 0 – 10; the lower the scored value on 
an indicator, the greater the potential negative impact on the environment. 

Based on the outcome of the spatial operations, a port project is assigned scores on 
indicators on proximity to ESAs and proximity to communities. The scoring on the 
environmental impact potential will, however, be based on professional judgment.  

 

To score the Proximity to Environmentally Sensitive Areas indica tor , the following scale is 
proposed: 

 
� Port within an ESA: 0 
� Distance between port and ESA is less than 500 metres: 2 
� Distance between port and ESA is between 500 metres – 1 km: 4 
� Distance between port and ESA is between 1 km – 3km: 6 
� Distance between port and ESA is between 3 km -5 km: 8 
� Distance between port and ESA is over 5km: 10 

 

To score the Proximity to Communities , the following scale is proposed: 

 
� Port is less than 100 metres from communities: 0 
� Port is between 100 metres -500 metres from communities: 2 
� Port is between 500 metres – 1 km from communities: 4 
� Port is between 1 km – 3 km from communities: 6 
� Port is between 3 km – 5 km from communities: 8 
� Port is over from communities 5km: 10 
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To score the Type of Port Works indicator , the following scale is proposed: 

 
� Rehabilitation of ports: 10 
� Reconstruction of ports: 5 
� Construction of new ports: 0 

 

3.2.2. Weighting 

Weights, representing the relative importance of each criterion, are determined by 
professional judgment, allowing emphasis of certain parameters as needed. The final score 
mixing the four sub-criteria should be obtained by applying the following weights: 

 
� Proximity to environmentally sensitive areas: 35% 
� Noise: 25% 
� Environmental impact potential: 40% 
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4. Social evaluation of port projects 

The following table summarizes the proposed sub-criteria and indicators as well as the 
sources of measurement data. 

 

Table 31 : Social sub-criteria – Ports 

# SUB-CRITERIA INDICATORS MEASUREMENT 
SOURCES 

 Positive Social impacts 

1. Poverty Reduction Incidence of poverty  (refers to 
the proportion of a given 
population identified as poor)  

 

 

Ghana Statistical Service: 
Pattern and Trends of 
Poverty in Ghana 1991-2006 

 

District Development Plans 

District profiles on 
www.ghanadistricts.com 

2000 Population and 
Housing Census  Report  

 

 Negative Social Impacts  

2. Involuntary 
Resettlement 

1. Type of port works  

 

2. Population of communities 
within which the port is located 

Standards by Ghana Ports 
and Harbours Authority 

2000 Population and 
Housing Census Report 

Country maps 

District profiles on 
www.ghanadistricts.com 

World Bank Policy OP 4.12 

MOT Resettlement Policy 
Framework 

3. Destruction of cultural 
heritage  

Number of affected physical 
cultural resources (i.e. shrines 
and important monuments) 

Country Maps 

4.1 Definition of social effects sub-criteria and indicators 

Social effects of Port projects can be analyzed using several sub-criteria but the sub-criteria 
proposed for this evaluation of social effects are: poverty reduction, involuntary resettlement 
and destruction of cultural heritage. 
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4.1.1. Poverty reduction 

Indicator: Incidence of poverty 

Port projects engender poverty reduction by providing economic opportunities through jobs 
and access to markets for the poor in society, raising incomes and reducing the number of 
people considered to be poor.  

The incidence of poverty which refers to the proportion of a given population identified as poor 
(or the numbers classified as poor) is the proposed indicator for measuring poverty reduction. 
The current or pre-project incidence of poverty in the Port catchment area will show whether 
or not the Port will have more or less impact on poverty reduction. The Ghana Statistical 
Service published in April 2007 Pattern and Trends in Poverty in Ghana 1991-2006 in which 
they present the incidence of poverty for all ten Administrative Regions. 

 

Table 32 : Poverty Incidence by Administrative Regi on (in percent) - Poverty line: GH¢ 
370.89 

 

 1991/92 1998/99 2005/06 

Western 60 27 18 

Central 44 48 20 

Greater Accra 26 5 12 

Eastern 48 44 15 

Volta 57 38 31 

Ashanti 41 28 20 

Brong-Ahafo 65 36 29 

Northern 63 69 52 

Upper West 88 84 88 

Upper East 67 88 70 

Ghana 52 40 29 

Source: Ghana Statistical Service 

The regional poverty incidence will also apply to the district in which the port is built. 

 

4.1.2. Involuntary resettlement 

Indicators: Type of port works; Population of communities within which the port is 
located 

 

Port projects in Ghana comprise mainly the following: 
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� Rehabilitation of existing facilities  
� Reconstruction of sections of port (e.g. dredging of dock areas) 
� Construction of new ports 

 

The type of works determines the magnitude of the project and whether or not it might trigger 
safeguard issues and to what extent. Where the new right of way required may induce 
displacement of people and dismantle production systems increasing vulnerability and 
impoverishment, involuntary resettlement must be minimized or mitigated.   

 

The population of communities within which the Port is located will determine the magnitude 
of displacement of people that may be engendered by the project. A Port that is located in a 
typically built-up area is likely to trigger high involuntary resettlement. From a country map, 
one can locate the districts and communities at the proposed location and the population data 
from the Ghana Statistical Service will inform decisions on the extent of likely impacts. 

 

4.1.3. Cultural heritage 

Indicator: Number of physical cultural resources 

Cultural heritage, otherwise referred to as physical cultural resources are defined as movable 
or immovable objects, sites, structures and natural features and landscapes that have 
archeological, paleontological, historical, architectural, religious, aesthetic, or other cultural 
significance. They are important sources of scientific and historical information, as assets for 
economic and social development, and as integral parts of a people’s cultural identity and 
practices. 

 

4.2 Calculation methodology of social effects indicators 

4.2.1. Evaluation of project potential for reducing poverty using incidence of poverty 

With the aid of Regional and District maps of Ghana, locate the region and district where the 
proposed Port will be located and apply the appropriate rate. 

A Port project which is located in areas with high poverty incidence and enhances access to 
economic opportunities and social services is more likely to lead to higher levels of poverty 
reduction.  

For scoring the incidence of poverty indicator use the following scale: 
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Table 33 : Indicator: Average percentage incidence of poverty per districts of port 
location 

Range  
(poverty incidence in percentage)  

Score 

1- 9 1 
10 - 19 2 
20 - 29 3 
30 - 39 4 
40 - 49 5 
50 - 59 6 
60 - 69 7 
70 - 79 8 
80 - 89 9 
90 - 99 10 

 

The higher the incidence of poverty, the higher the score of the Port project, as a Port in a 
high poverty area is likely to have a higher impact on poverty reduction. 

 

4.2.2. Evaluation of involuntary resettlement 

1. The type of port works:  will be given as one of the under listed which gives an indication 
of the magnitude of the project and prospects for land take and involuntary resettlement. 

 
� Rehabilitation of ports 
� Reconstruction of sections of port (e.g. dredging of dock areas) 
� Construction of new ports 

 

2. Population of communities traversed 

Urban communities are those with 5,000 or more inhabitants therefore the percentage of 
communities with 5000 or more inhabitants constitute the measure. 

 

For scoring the type of works indicator use the following scale: 

 

Table 34 : Indicator: Type of port works 

 

 

 

 

 

The lower the requirements for land take, the higher the score for the project. 

 

Type of works Score 

Rehabilitation of ports 10 

Reconstruction of sections of port 5 

Construction of new ports 0 
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For scoring the Population of communities where the port is located use the following scale: 

 

Table 35 : Indicator: Percentage of Communities tra versed which have 5,000 or more 
inhabitants 

Range Score 
0-9% 10 

10-19% 9 
20-29% 8 
30-39% 7 
40-49% 6 
50-59% 5 
60-69% 4 
70-79% 3 
80-89% 2 
90-99% 1 
100% 0 

 

The higher the percentage of communities with 5,000 or more inhabitants, the lower the 
score, as the likelihood of involuntary resettlement is higher. 

 

4.2.3. Evaluation of Cultural Heritage 

From District maps and maps of project corridors, a rapid appraisal that include brief 
discussions with cultural heritage institutions such us museums, Archeological departments 
within the universities, map up all cultural heritage properties within the project area which 
might be destroyed by the project. 

For scoring the number of cultural heritage indicator use the following scale: 

 

Table 36 : Indicator: Number of cultural heritage r esources that may be destroyed by 
project 

Range Score 
1-2 10 
3-4 8 
5-6 6 
7-8 4 
9-10 2 
More than 10 0 

 

4.2.4. Weighting 

Based on professional judgment, weights are assigned to the indicators. The weights will 
represent the relative importance attached to each of the sub-criteria. The final score mixing 
the four indicators should be obtained by applying the following weights: 
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Table 37 : Weight of indicators 

 

Sub Criteria Indicator Weight 

Poverty Reduction Incidence of poverty 60 % 

Involuntary resettlement Type of port works 15 % 

 Population of communities  15 % 

Destruction of Cultural 
heritage 

Number of cultural heritage 
resources likely to be destroyed 

10 % 

 

5. Overall weighting system 

 

The following table shows the possible weighting system of the criteria and sub-criteria.  

 

Table 38 : Possible weighting system of port projec ts 

CRITERION WEIGHT SUB-CRITERION WEIGHT
Economic viability 60.0%

NPV/Investment Cost 60.0%
Optimum year of putting in operation 40.0%

100.0%
Environmental impact 20.0%

Environmentally sensitive areas 35.0%
Noise 25.0%
Environmental impact potential 40.0%

100.0%
Social impact 20.0%

Incidence of poverty 60.0%
Type of port works 15.0%
Population of communities 15.0%
Number of cultural heritage 
resources likely to be destroyed 10.0%

100.0%
100.0%  
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Chapter 11 Airport projects evaluation 

 

1. Evaluation criteria of the airport projects 

 

The criteria discussed in chapter 1 for road projects evaluation have to be adjusted as follows: 

 
� Economic viability . This criterion takes into account the economic viability of the projects 

and should use indicators based on a cost-benefit approach. It only applies to some types 
of airport projects. 

� Environmental effects . This criterion takes into account the possible negative 
environmental impacts of the projects. The type of impact may vary from one mode to 
another. Some types of impact are to be considered both for airport and road projects (e.g. 
impact on ecologically sensitive areas, biodiversity preservation and land take in case of 
land side expansion of airports). 

� Social effects . In particular, this criterion takes into account the effects of the project on 
poverty alleviation. This effect is mainly related to the increasing accessibility to job 
opportunity and health/education services given to poor people; however, it also takes into 
account negative impacts such as resettlement. It may apply to airport projects. 

� Strategic access . This criterion takes into account the capability of the projects to improve 
the economic and physical access to strategic transport routes for goods and passengers. 
International airports in essence have the capability to improve the access to international 
air routes and trade. Domestic airports also play the part in improving access to regions. 
This criterion is applicable to airport projects. 

� Inter and intra modal integration . This criterion is related to interchange facilities 
required as part of transport infrastructure projects. In general, airports are not isolated and 
are already connected to road network. Since all airport projects comply with this criterion, 
it is not necessary to evaluate it. 

� Local access . This criterion regards local access aspects including integration of NMT 
and is applicable to domestic airport projects as far as access to remote area is 
concerned. 

 

The following flow-chart summarizes the airport projects multi-criteria evaluation process: 
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Economic Environmental Social Strategic Local
Viability Effects Effects Access Access

Final Unique Score

Measurement of Indicators

Scoring of Indicators

 

Figure 8 : Airport projects multi-criteria evaluati on process 

 

2. Economic evaluation of airport projects 

Some airport projects, such as safety equipment, extension of passenger terminal buildings, 
parking and taxiways, construction of control tower are difficult to evaluate since the benefits 
cannot be quantified. The economic evaluation of these projects will not be undertaken. In 
particular: 

 
� Terminal building extensions are designed for the comfort of the passengers. Possible time 

savings only occur at peak time in some periods of the year. Benefits cannot be quantified. 
� Parking/taxiway extensions are required depending on the increase of the aircraft 

movements at peak time applying security standards that do not have an economic value. 
� Construction of control tower also is required for security reasons and cannot be 

economically evaluated. 

 

For projects that result in quantifiable benefits the evaluation methodology may be as follows: 

 
� Improvement of runway . The bad condition of a runway may endanger the aircraft and its 

passengers. The turbine powered aircrafts may suck in particles from the damaged runway 
surface. Aircrafts may break their landing gear. Their landing and navigation instruments 
may be put out because of the strong vibrations at landing or take off. The major risk is a 
crash at landing because of the bad condition of the runway. It is difficult to evaluate the 
probability of such an accident and this kind of risk and correlated savings cannot be 
estimated. The airport authorities may take conservative measures (limitations in the 
aircraft movements or closing the airport) and the airlines may decrease their flight 
frequencies or increase their tariffs. These disadvantages are also not quantifiable. The 
most quantifiable effect of a runway improvement consists of savings in maintenance 
costs. The purpose of such an improvement is to rehabilitate the runway condition or to 
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reinforce it in order to fit with changing in traffic (changes in aircraft type, increasing aircraft 
movements). In the ‘without project’ situation, maintenance costs increase every year in 
order to stabilize runway condition or lower its deterioration. In the ‘with project’ situation, 
further to the improvement/rehabilitation only periodic maintenance (every 15 or 20 years) 
is required. In conclusion, it is proposed to undertake the economic evaluation of this type 
of project based on maintenance costs savings. 

 
� Extension of runway . The extension of runway is required when the airport design aircraft 

has to be changed. The extension enables landing of heavier aircraft carrying more 
passengers and/or freight that result in lower air transport unit costs. The annual savings 
are calculated based on unit costs savings multiplied by annual traffic. 

 

At this stage of development of air transport in the country, such projects are not identified 
within the framework of the Integrated Transport Plan (ITP). There is little need to develop a 
theoretical methodology for airport economic evaluation. 

 

3. Environmental evaluation of airport projects 

The following table summarizes the proposed sub-criteria and indicators as well as the 
sources of measurement data. 

Table 39 : Environmental sub-criteria – Airports 

 

Sub-criteria Indicators Sources of measurement 

1. Environmentally 
sensitive areas 

• Proximity of airport to 
environmentally sensitive 
areas 

Relevant thematic maps 

Source: Forestry Commission 
(Forestry Services Division, 
Wildlife Division); EPA; Centre 
for Remote Sensing and GIS 
(CERSGIS), Univ. of Ghana 

2. Water quality • Proximity to water bodies Thematic (drainage) maps 

Source: Water Resources 
Commission 

3. Noise • Proximity to residential areas Land use maps 

Source: CERSGIS Town and 
Country Planning Department 

4. Environmental 
impact potential 

• Types of airport works Professional judgment 

Documentary sources: GCAA, 
Ministry of Transportation 
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As impact of air pollution is already and will be an issue for the future, actions must be taken 
and equipment put in place in order to gather reliable data which is not available now, for 
future incorporation to the environmental impact evaluation sub-criteria. 

 

3.1 Definition of environmental effects sub-criteria and indicators 

3.1.1. Environmentally Sensitive Areas (ESAs) 

Proximity to environmentally sensitive areas as a criterion would be applied in comparing two 
airport projects as far as their effects on these areas are concerned. Twelve environmentally 
sensitive areas are listed in Schedule 5 of Environmental Assessment Regulations, 1999 (LI 
1652): 

 

1. All areas declared by law as national parks, watershed reserves, wildlife reserves and 
sanctuaries including sacred groves. 

2. Areas with potential tourist value. 

3. Areas which constitute the habitat of any endangered or threatened species of 
indigenous wildlife (flora and fauna). 

4. Areas of unique historic, archaeological or scientific interests. 

5. Areas which are traditionally occupied by cultural communities. 

6. Areas prone to natural disasters (geological hazards, floods, rainstorms, earthquakes, 
landslides, volcanic activity etc.) 

7. Areas prone to bushfires. 

8. Hilly areas with critical slopes. 

9. Areas classified as prime agricultural lands. 

10. Recharge areas of aquifers. 

11. Water bodies characterized by one or any combination of the following conditions –  

a. water tapped for domestic purposes; 

b. water within the controlled and/or protected areas; 

c. water which support wildlife and fishery activities. 

12. Mangrove areas characterised by one or any combination of the following conditions-  

a. areas with primary pristine and dense growth 

b. areas adjoining mouth of major river system; 

c. areas near or adjacent to traditional fishing grounds; 

d. areas which act as natural buffers against shore erosion, strong winds or storm 
floods. 
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Due to their sensitive nature, all areas designated environmentally sensitive are to be 
avoided, where possible, by all development. The proximity of an airport project to an 
environmentally sensitive area could result in serious negative effects on the quality of 
conditions and features in the area. The effects of operations at airports such as noise and 
vibration could impact negatively on these areas. Ensuring that the construction and operation 
of airports do not impact adversely on any of these areas should inform their siting. Proximity 
of airport and growth in air traffic can trigger off serious changes that could have long lasting 
effects on the integrity of these areas. An airport project located away from environmentally 
sensitive areas should be preferred over one that is located within or close to these areas. 

 

3.1.2. Water quality 

A criterion on water quality would help in comparing airport projects in terms of their potential 
impacts on surface water bodies. The proximity of transport infrastructure to a water body 
raises the potential risk of pollution of that body. Constructing and operating an airport in close 
proximity to water bodies has the potential of negatively affecting the quality of these bodies.  

As with the construction of other transport infrastructure, the construction of an airport would 
necessitate a large scale clearing of vegetation and large amount of excavation and earth 
movement which could expose loosened soils. These soils can be eroded and deposited in 
nearby rivers. The resulting turbidity of the water and siltation renders it unwholesome for the 
many households that depend on them. Constructing an airport close to a water body can 
also impact negatively on its quality through the introduction of debris and vegetative material.   

Waste oils, fuel, chemical and other hazardous liquid wastes and solid particulates from 
aircrafts and airport terminal operations can also contaminate nearby water bodies. Locating 
an airport near a river or any water body could therefore result in serious pollution. As far as 
preserving the quality of water bodies is concerned, it will be desirable that an airport project 
located away from a river is given priority over one that is located close to a river. 

 

3.1.3. Noise 

Exposure to aircraft noise and the attendant annoyance could be used as a criterion to 
compare between two airport projects. Noise is unwanted sound and is perceived as a 
pollutant and an environmental stressor. Noise is one of the most undesirable nuisances 
caused by transport and is regarded as a public health issue; transport noise affects human 
health, through an increase in the risk of psychological and physiological disorders. 

 

Aircraft noise – caused by take offs and landings, taxiing and engine testing – is an important 
issue for communities living near airports and under the flight paths. Aircraft noise from 
airports is a major source of nuisance; noise from airports tends to accentuate ambient noise 
levels beyond acceptable levels. As air traffic volumes increase so does the noise they 
generate, adding to the stress of persons who live in communities close to the airport and 
residential areas along the flight path of aircrafts. In addition to the noise nuisance, these 
persons are subjected to vibrations as aircrafts take-off and land.  

Limiting the exposure of persons to air traffic noise should therefore be an important 
consideration in planning and siting airports. An airport located away from residential 
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communities and therefore has little or no impact on ambient noise levels in the communities 
should be preferable to one that is close to communities. 

 

3.1.4. Environmental impact potential 

Different activities involved in the construction and operation of airports will have different 
effects on the environment. Generally, airport works can be categorized into: 

 
� Rehabilitation of existing facilities (such as re-fitting runway lights) 
� Reconstruction of airports (e.g. extension of run way) 
� Construction of new airport 

 

The works outlined above would have impacts with varying levels of significance on the 
environment. Preliminary identification of the potential impacts of airport projects would enable 
a comparison between them in order to select the one likely to have the least negative 
environmental effect. 

 

3.2 Methodology for measuring environmental effects indicators 

3.2.1. Scoring 

 

The methodology would involve the following: 

 

i. Spatial operations:  spatial operations would involve relating airport locations to 
various thematic maps. To enable the spatial operations, the input (the proposed rail 
corridor and thematic maps) must be in GIS-ready form. To determine the distance 
between the airport and an ESA, a location map of the airport is overlaid on a map of 
the ESA; the distance between the airport and the boundary of the closest ESA is 
recorded. Similarly, distances between the airport and communities are determined 
by overlaying the airport’s location map on a land use map of the project area. The 
distances between the airport and the communities are measured. It is, however, the 
distance between the airport and the closest community that is recorded for scoring. 

 

To identify the impact of an airport project on water quality, a map indicating the 
location of the airport is overlaid on an hydrological map of the general project area. 
Water bodies in the area are identified and the distances between them and the 
airport are recorded. The distance between the airport and the closest river is 
recorded for subsequent scoring. 
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ii. Scoring : a scoring method is applied to generate environmental screening results 
which will be integrated into an overall multi-criteria scoring process for project 
prioritization. The sub-classes of each indicator are assigned scores as presented 
below.  

 

Based on the outcome of the spatial operations, a project is assigned a score on each 
of the indicators. The scoring on the environmental impact potential of airport 
activities will, however, be based on professional judgment. Scores on the indicators 
range between 0 – 10; the lower the scored value on an indicator, the greater the 
potential negative impact on the environment. 

 

To score the Proximity to Environmentally Sensitive Areas indica tor , the following scale is 
proposed: 

 
� Airport within an ESA: 0 
� Distance between airport and ESA is less than 500 metres: 2 
� Distance between airport and ESA is between 500 metres – 1 km: 4 
� Distance between airport and ESA is between 1 km – 3km: 6 
� Distance between airport and ESA is between 3 km -5 km: 8 
� Distance between airport and ESA is over 5km: 10 

 

To score the Proximity to Water Body indicator , the following scale is proposed: 

 
� Airport is less than 100 metres from river: 0 
� Airport is between100 metres - 500 metres from river: 2 
� Airport is between 500 metres – 1 km from river: 4 
� Airport is between 1 km – 3 km from river: 6 
� Airport is between 3 km – 5 km from river: 8 
� Airport is over 5km from river: 10 

 

To score the Proximity to Residential Communities , the following scale is proposed: 

 
� Airport is less than 100 metres from communities: 0 
� Airport is between 100 metres -500 metres from communities: 2 
� Airport is between 500 metres – 1 km from communities: 4 
� Airport is between 1 km – 3 km from communities: 6 
� Airport is between 3 km – 5 km from communities: 8 
� Airport is over from communities 5km: 10 
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To score the Type of Airport Works indicator , the following scale is proposed: 

 
� Rehabilitation of airports: 10 
� Reconstruction of airports: 5 
� Construction of new airports: 0 

 

3.2.2. Weighting 

Weights, representing the relative importance of each criterion, are determined by 
professional judgment, allowing emphasis of certain parameters as needed. The final score 
mixing the four sub-criteria should be obtained by applying the following weights: 

 
� Environmentally sensitive areas: 30% 
� Water Quality: 20% 
� Noise: 15% 
� Environmental Impact Potential: 35% 
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4. Social evaluation of airport projects 

The following table summarizes the proposed sub-criteria and indicators as well as the 
sources of measurement data. 

Table 40 : Social sub-criteria – Airports 

# SUB-CRITERIA INDICATORS MEASUREMENT 
SOURCES 

 Positive Social impacts 

1. Poverty Reduction Incidence of poverty  (refers to 
the proportion of a given 
population identified as poor)  

 

 

Ghana Statistical Service: 
Pattern and Trends of 
Poverty in Ghana 1991-2006 

 

District Development Plans 

District profiles on 
www.ghanadistricts.com 

2000 Population and 
Housing Census  Report  

 

 Negative Social Impacts  

2. Involuntary 
Resettlement 

1. Type of airport works  

 

2. Population of communities 
within which the airport is 
located 

Standards by Ghana Civil 
Aviation Authority 

2000 Population and 
Housing Census Report 

Country maps 

District profiles on 
www.ghanadistricts.com 

World Bank Policy OP 4.12 

MOT Resettlement Policy 
Framework 

3. Destruction of cultural 
heritage  

Number of affected physical 
cultural resources (i.e. shrines 
and important monuments) 

Country Maps 

 

4.1 Definition of social effects sub-criteria and indicators 

Social effects of airport projects can be analyzed using several sub-criteria but the sub-criteria 
proposed for this evaluation of social effects are: poverty reduction, involuntary resettlement 
and destruction of cultural heritage. 
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4.1.1. Poverty reduction 

Indicator: Incidence of poverty 

Airport projects engender poverty reduction by providing economic opportunities through jobs 
and access to markets for the poor in society, raising incomes and reducing the number of 
people considered to be poor.  

 

The incidence of poverty which refers to the proportion of a given population identified as poor 
(or the numbers classified as poor) is the proposed indicator for measuring poverty reduction. 
The current or pre-project incidence of poverty in the Airport catchment area will show 
whether or not the Airport will have more or less impact on poverty reduction. The Ghana 
Statistical Service published in April 2007 Pattern and Trends in Poverty in Ghana 1991-2006 
in which they present the incidence of poverty for all ten Administrative Regions. 

 

Table 41 : Poverty Incidence by Administrative Regi on (in percent) - Poverty line: GH¢ 
370.89 

 

 1991/92 1998/99 2005/06 

Western 60 27 18 

Central 44 48 20 

Greater Accra 26 5 12 

Eastern 48 44 15 

Volta 57 38 31 

Ashanti 41 28 20 

Brong-Ahafo 65 36 29 

Northern 63 69 52 

Upper West 88 84 88 

Upper East 67 88 70 

Ghana 52 40 29 

Source: Ghana Statistical Service 

 

4.1.2. Involuntary resettlement 

Indicators: Type of port works; Population of communities within which the port is 
located 

 

Airport projects in Ghana comprise mainly the following: 
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� Rehabilitation of existing facilities (such as refitting runway lights) 
� Reconstruction of airports (e.g. extension of runway) 
� Construction of new airports 

 

The type of works determines the magnitude of the project and whether or not it might trigger 
safeguard issues and to what extent. Where the new right of way required may induce 
displacement of people and dismantle production systems increasing vulnerability and 
impoverishment, involuntary resettlement must be minimized or mitigated.   

 

The population of communities within which the airport is located will determine the magnitude 
of displacement of people that may be engendered by the project. An aiport that is located in 
a typically built-up area is likely to trigger high involuntary resettlement. From a country map, 
one can locate the districts and communities at the proposed location and the population data 
from the Ghana Statistical Service will inform decisions on the extent of likely impacts. 

 

4.1.3. Cultural heritage 

Indicator: Number of physical cultural resources 

Cultural heritage, otherwise referred to as physical cultural resources are defined as movable 
or immovable objects, sites, structures and natural features and landscapes that have 
archeological, paleontological, historical, architectural, religious, aesthetic, or other cultural 
significance. They are important sources of scientific and historical information, as assets for 
economic and social development, and as integral parts of a people’s cultural identity and 
practices. 

 

4.2 Calculation methodology of social effects indicators 

4.2.1. Evaluation of project potential for reducing poverty using incidence of poverty 

 

With the aid of Regional and District maps of Ghana, locate the region and districts traversed 
by the proposed airport and apply the appropriate rate. 

 

An airport project which is located in areas with high poverty incidence and enhances access 
to economic opportunities and social services is more likely to lead to higher levels of poverty 
reduction.  

 

For scoring the incidence of poverty indicator use the following scale: 
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Table 42 : Indicator: Average percentage incidence of poverty per districts of airport 
location 

Range 
(poverty incidence in percentage)  

Score 

1- 9 1 
10 - 19 2 
20 - 29 3 
30 - 39 4 
40 - 49 5 
50 - 59 6 
60 - 69 7 
70 - 79 8 
80 - 89 9 
90 - 99 10 

 

The higher the incidence of poverty, the higher the score of the airport project, as an airport in 
a high poverty area is likely to have a higher impact on poverty reduction. 

 

4.2.2. Evaluation of involuntary resettlement 

1. The type of airport works:  will be given as one of the under listed which gives an 
indication of the magnitude of the project and prospects for land take and involuntary 
resettlement. 

 
� Rehabilitation of existing facilities (such as refitting runway lights) 
� Reconstruction of sections of airport (e.g. extension of runway) 
� Construction of new airports 

 

2. Population of communities traversed 

Urban communities are those with 5,000 or more inhabitants therefore the percentage of 
communities with 5000 or more inhabitants constitute the measure. 

 

For scoring the type of works indicator use the following scale: 

 

Table 43 : Indicator: Type of airport works 

 

 

 

 

 

The lower the requirements for land take, the higher the score for the project. 

 

Type of works Score 

Rehabilitation of existing facilities 10 

Reconstruction of sections of airport 5 

Construction of new airports 0 
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For scoring the population of communities where the airport is located use the following scale: 

 

Table 44 : Indicator: Percentage of Communities tra versed which have 5,000 or more 
inhabitants 

Range Score  
0-9% 10 

10-19% 9 
20-29% 8 
30-39% 7 
40-49% 6 
50-59% 5 
60-69% 4 
70-79% 3 
80-89% 2 
90-99% 1 
100% 0 

The higher the percentage of communities with 5,000 or more inhabitants, the lower the 
score, as the likelihood of involuntary resettlement is higher. 

 

4.2.3. Evaluation of Cultural Heritage 

From District maps and maps of project corridors, a rapid appraisal that include brief 
discussions with cultural heritage institutions such us museums, Archeological departments 
within the universities, map up all cultural heritage properties within the project area which 
might be destroyed by the project. 

 

For scoring the number of cultural heritage indicator use the following scale: 

 

Table 45 : Indicator: Number of cultural heritage r esources that may be destroyed by 
project 

Range Score 
1-2 10 
3-4 8 
5-6 6 
7-8 4 
9-10 2 
More than 10 0 

 

4.2.4. Weighting 

Based on professional judgment, weights are assigned to the indicators. The weights will 
represent the relative importance attached to each of the sub-criteria. The final score mixing 
the four indicators should be obtained by applying the following weights: 

 



Egis Bceom International 
 

 

Page 123 Integrated Transport Plan for Ghana 

Volume 7: Multi-criteria Evaluation Manual Final Version 

 

Table 46 : Weight of indicators 

Sub Criteria Indicator Weight 

Poverty Reduction Incidence of poverty 60 % 

Involuntary resettlement Type of port works 15 % 

 Population of communities  15 % 

Destruction of Cultural 
heritage 

Number of cultural heritage 
resources likely to be destroyed 

10 % 

 

5. Strategic access evaluation of airport projects 

The following table summarizes the proposed sub-criteria and indicators as well as they 
measurement sources. 

Table 47 : Strategic access sub-criteria – Airports  

Criterion Possible indicators Measurement 

Access to strategic 
commercial/production centers 

Number of centers 

Volume of trade (tonnage and/or value) 

Survey 

Survey 

 

5.1 Definition of the possible strategic access sub-criteria 

The strategic access criterion regards the capability of the projects to improve the economic 
and physical access to strategic commercial, production or tourism centers and areas or 
strategic transport routes for goods and passengers. Out of the four following sub-criteria 
identified with respect to this criterion, only the first one is relevant for airports:  

 
� Access to strategic commercial/production/tourism c enters/areas . The strategic 

commercial centers include national or regional market places concentrating an important 
volume of trade. Similarly, the strategic production centers/areas include big factories or 
industrial zones as well as important agriculture areas. Strategic tourism centers or areas 
concentrate many tourism spots/activities and attract a large number of visitors. 

� Access to strategic port(s).  Not relevant for airports. 
� Access to strategic railway station(s).  Not relevant for airports. 
� Access to strategic border crossings . Not relevant for airports. 

 

5.2 Selection of the strategic access indicator 

It is proposed to take into account the following indicator to account for the capability of the 
projects to improve the economic and physical access to strategic transport routes for goods 
and passengers. This indicator measures the only one relevant sub-criterion discussed in 
Chapter 11-5.1: 
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� Access to strategic commercial/production/tourism c enters/areas:  Number and 
volume of trade of strategic commercial/production/tourism centers/areas connected. 

 

5.3 Measurement methodology of the strategic access indicator 

Access to strategic commercial/production centers/a reas  

 

A specific survey should be undertaken in order to identify and count the strategic national or 
regional market places, production and tourism centers/areas discussed in Chapter 11-5.1. 
This survey may consist of interview of stakeholders of the different sectors concerned (i.e. 
trade, industry, agriculture, tourism) and collection of available data on volumes of trade and 
production, number of visitors, etc. 

 

5.4 Scoring and weighting system of the strategic access indicator 

To score the access to strategic commercial/production/tourism c enters/areas  sub-
criterion (refer to Chapter 9-5.3.1), it may be used the following scale: 

 
� number of strategic centers or areas served by the airport 10 and more: 10.0 
� number of strategic centers or areas served by the airport 9: 9.0 
� number of strategic centers or areas served by the airport 8: 8.0 
� number of strategic centers or areas served by the airport 7: 7.0 
� number of strategic centers or areas served by the airport 6: 6.0 
� number of strategic centers or areas served by the airport 5: 5.0 
� number of strategic centers or areas served by the airport 4: 4.0 
� number of strategic centers or areas served by the airport 3: 3.0 
� number of strategic centers or areas served by the airport 2: 2.0 
� number of strategic centers or areas served by the airport 1: 1.0 
� number of strategic centers or areas served by the airport 0: 0.0 

 

6. Local access evaluation of airport projects 

The following table summarizes the proposed sub-criteria and indicators as well as they 
measurement sources. 

Table 48 : Local access sub-criteria - Airports 

Criterion Possible indicators Measurement 

Connection to human 
settlement 

Number of settlements connected 

Total population within the influence area  

Average distance or time 

Survey or mapping 

Census data 

Survey or mapping 

Connection to tourism site Number of tourism sites connected Survey 

6.1 Definition of the possible local access sub-criteria 
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The local access criterion is related to local access aspects including integration of NMT. Out 
of the seven following sub-criteria identified for road projects with respect to this criterion, only 
the first and sixth are relevant for airports:  

 
� Connection to human settlements located within the zone of influence of the airport. 

This sub-criterion is relevant to assess the airport projects that improve the access to 
remote areas. 

� Connection to medical/health facilities  located within the zone of influence of the 
airport. Air transport may improve the access from remote areas served by a local 
airport/air field to medical/health facilities located near a regional hub airport. However it is 
not the regional hub airport that plays this part but the whole regional hub airport/regional 
air line/local airport that does it. For this reason, this sub-criterion does not apply to 
individual airport projects isolated from the whole. 

� Connection to educational facilities  located within the zone of influence of the airport. 
As in the case of medical/health facilities, air transport may improve the access from 
remote areas served by a local airport/air field to educational facilities located in the vicinity 
of a regional hub airport. However, this sub-criterion does not apply to individual airport 
projects isolated from the whole regional hub airport/regional air line/local airport. 

� Connection to local market facilities  located within the zone of influence of the road. For 
the reason already discussed, this sub-criterion does not apply to individual airport projects 
isolated from the whole regional hub airport/regional air line/local airport. 

� Connection to feeder roads . No relevant for airports. 
� Connection to tourism sites  located within the zone of influence of the road. It may apply 

for airports. 
� Adverse effects on NMT/IMT  if any. No relevant for airports. 

 

6.2 Selection of the local access indicators 

It is proposed to take into account the following indicator to account for the capability of the 
projects to improve local access. These indicators measures the relevant sub-criteria 
discussed in Chapter 11-6.1: 

 
� Number and total population of human settlements in the vicinity of the airport. 
� Number of tourism sites in the vicinity of the airport. 

 

6.3 Measurement methodology of the local access indicators 

6.3.1. Connection to human settlements 

A specific survey should be undertaken in order to identify and count the number of human 
settlements served by the study airport. As discussed Chapter 7-3.1, the survey may be 
replaced or supplemented by mapping or GIS data if available. In all the case, the population 
number should be determined based on population census results. 2000 census results may 
be used since the purpose of population estimation is to give a hierarchy between the 
candidate projects; the important is to use a common base year that can be 2000. 



Egis Bceom International 
 

 

Page 126 Integrated Transport Plan for Ghana 

Volume 7: Multi-criteria Evaluation Manual Final Version 

 

In the case data related to each human settlement is not available, data at district level could 
be used. 

In the case of detailed data enabling to assess the total population living within the influence 
area is not available, it is proposed to consider only the number of human settlements. It is to 
note that in assessing traffic (both existing and forecast) the population number of the zone of 
influence of the airport is already accounted for since the volume of traffic also depends on 
that parameter. Therefore there is likely duplication in taking into account the same parameter 
in measuring an indicator for human settlement connection. Finally, it may be preferable to 
take into account only the number of settlements because this indicator shows more 
accurately the local access role of the study road. From local access point of view, it is more 
meaningful to serve ten small settlements than only two that would account for the same total 
population than the smaller ten. 

 

6.3.2. Connection to tourism sites 

As discussed in Chapter 7-3.6, the Ghana Tourism Board (GTB) provides statistics on 
domestic tourist arrivals at 25 most visited sites. In 2007 these sites received the number of 
visitors shown in the following table. 

 

Table 49 : Tourism sites 

Site 
Total arrivals in 

2007 

Kakum National Park 113,614 

Cape Coast Castle 74,266 

Elmina Castle 65,677 

Manhyia Palace Museum 48,350 

Wli Waterfalls 17,793 

Kintampo Waterfalls 15,224 

Prempeh II Jubilee Museum 15,178 

Mole National Park 13,734 

Kumasi Armed Forces Military Museum 13,085 

Paga Zenga Crocodile Pond 8,776 

Nzulezo 6,567 

Tafi-Atome Monkey Sanctuary 4,211 

Mount Gemi-Amedzope 3,272 

Tagbo Waterfalls/Mt. Afadja-Liati-Wote 2,602 

Tano Boase 2,495 

Sirigu Womens Organization for Pottery & Art 2,257 

Weichiau Community Hippo Sanctuary 1,856 
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Site 
Total arrivals in 

2007 

Bobiri Forest & Butterfly Sanctuary 1,679 

Paga Chief Pond 1,485 

Pikworo Nania Slave Camp 1,204 

Tono Hills/Tengzug Shrines 1,190 

Ankasa Resource Reserve 1,172 

Buoyam Caves & Bats Colony 874 

Wasa Domama 793 

Xavi Bird Sanctuary 204 

6.3.3. Scoring and weighting system of the local access indicators 

 

To score the access to human settlements  sub-criterion (refer to Chapter 11-6.3.1), it may 
be used the following scale: 

 
� number of human settlements served by the road 10 and more: 10.0 
� number of human settlements served by the road 9: 9.0 
� number of human settlements served by the road 8: 8.0 
� number of human settlements served by the road 7: 7.0 
� number of human settlements served by the road 6: 6.0 
� number of human settlements served by the road 5: 5.0 
� number of human settlements served by the road 4: 4.0 
� number of human settlements served by the road 3: 3.0 
� number of human settlements served by the road 2: 2.0 
� number of human settlements served by the road 1: 1.0 
� number of human settlements served by the road 0: 0.0 

 

To score the connection to tourism sites sub-criterion, first the sites served are identified 
according to the list shown in Chapter 11-6.3.2, then the total number of arrivals to these sites 
are totaled. The proposed scoring system is the following: 

 
� 100,000 and more arrivals: 10.0 
� 50,000 to 100,000 arrivals: 9.0 
� 10,000 to 50,000 arrivals: 8.0 
� 5,000 to 10,000 arrivals: 6.0 
� 1,000 to 5,000 arrivals: 4.0 
� less than 1,000 arrivals: 2.0 
� no tourism site connected: 0.0 
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The final score mixing the two sub-criteria  should be obtained applying the following 
weight: 

 
� 60 % to the score of the human settlement access sub-criterion, 
� 40 % to the score of the access to tourism site sub-criterion. 

 

7. Overall weighting system 

 

The following table shows the possible weighting system of the criteria and sub-criteria.  

 

Table 50 : Possible weighting system of airport pro jects 

CRITERION WEIGHT SUB-CRITERION WEIGHT
Economic viability*

NPV/Investment Cost 60.0%
Optimum year of putting in operation 40.0%

100.0%
Environmental impact 30.0%

Environmentally sensitive areas 30.0%
Water quality 20.0%
Noise 15.0%
Environmental impact potential 35.0%

100.0%
Social impact 30.0%

Incidence of poverty 60.0%
Type of port works 15.0%
Population of communities 15.0%
Number of cultural heritage 
resources likely to be destroyed 10.0%

100.0%
Strategic access 20.0%

Commercial/production center 100.0%
100.0%

Local access 20.0%
Human settlement 60.0%
Tourism site 40.0%

100.0%
* Not applicable to all cases 100.0%  

 

 

 

 


