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Abstract 

Investment on transport infrastructure is expected to have impacts not only on direct transport benefits 

but also on other socioeconomic and environmental concerns. Different types of impacts are considered 

during the planning stage. However, these impacts are not evaluated or monitored at later stages of the 

project. Identifying, monitoring and evaluating the impacts of transport development related to  different 

objectives will help to make better investment decisions and increase accountability. In addition it will be 

useful to improve the projects by taking necessary remedial actions where needed.   

Quality of the data and suitable comparison groups are important for the reliability of these evaluations. 

Due to the non-randomised nature of transport interventions and lack of suitable control groups, it is 

difficult to conduct fully randomised experiments to identify the impact, unless they are small scale 

interventions such as introduction of sign boards. Therefore, different techniques need to be used to 

measure the impacts.  

This study attempts to identify diverse techniques that are suitable for evaluating different impacts related 

to transport infrastructure development, through literature review. Pre-post, difference in deference, 

regression and statistical matching are some of the feasible analysis techniques for these impacts. Out of 

these techniques, propensity score matching technique is more feasible for many impacts considering 

robustness of evaluation, data availability and inherent nature of transport developments. Hence this 

study illustrates the use of propensity score matching technique with a case study for road safety impacts. 

Based on the analysis for the improvement of Puttalam-Anuradhapura-Tricomalee (A012) road section 

from Puttalam to Pullayara Junction (80.2km), development has increased the number of accidents by 

one accident per two kilometre per year for the section.  

Introduction   

Transport is considered as a main factor of growth and hence considerable amount of 

investment is made in this sector. Unarguably the development helps in direct transport 

benefits, such as improvements in travel time saving but the question remains about the wider 

benefits (environmental and socioeconomic) of these developments (Banister and Berechman 

2001). 



Sri Lanka in particular has invested several hundred billion rupees in transport sector 

(Department of National Budget; Ministry of Finance and Planning 2013). Source of funding for 

most of these projects are foreign agencies (Ministry of Highways, 2011; Road Development 

Authority, 2012). However certain groups have raised questions about the wider impacts of the 

developments such as environmental and socio economic impacts (Jayakody, 2014; 

Mudugamuwa, 2014; Pothmulla, 2014). In addition to that recent changes in involvement of 

different donor agencies has aroused the need for more comprehensive self-motivated 

assessment of projects due to the lack of rigorous assessment requirements by some of these 

donor agencies (De Silva, 2013; Yasarathne, 2014). Therefore this study tries to identify 

techniques that could be used to identify the impacts of transport infrastructure development.   

Impact Evaluation  

World Bank (2006) defines impact evaluation as “an assessment of the impact of an intervention 

on final welfare outcomes.” Focusing on these outcomes can be used to identify the best and/or 

cost effective method to address the issues and generate necessary information to guide future 

investment/policy decisions.  

Evaluation in general assesses the quality, quantity, significance and worth of the intervention.  

Based on the focus area of the study Imas and Rist (2009) categorised evaluation into following  

 Formative evaluation:  

Focuses on ways in which a program or project is implemented 

 Summative evaluation:  

Conducted at the end of implementing project to determine the extent of achieved results 

 Prospective evaluation:  

Focuses on likely outcomes of a proposed project, program, or policy during design stage 

Based on above, it is seen that evaluation can be helpful to make resource allocation decisions, 

identify the causes of a need/ problem, probable emerging problems and ways to address them, 



support decision making in project appraisal to select best alternatives, innovation and to build 

consensus on the causes of a problem and how to respond (Kusek & Rist, 2004). 

Identifying the mechanism of the impact is extremely important in an evaluation. This is mainly 

because in the study it is necessary to identify the external forces that could affect the outcomes 

and design the evaluation such that the impact solely due to the intended intervention is 

identified. Further understating the mechanism helps to identify possible improvements to the 

intervention if it is not achieving the intended outcomes and it will help to understand how such 

an intervention will work in another context. Therefore following a programme logic model 

(theory of change), where inputs and outcomes are linked with the underlying mechanism is the 

first step of an impact evaluation (Baker , 2000; Binnendijk, 2000; Hills & Junge, 2010; Kusek & 

Rist, 2004). 

Though the impacts are generated after the intervention taking place it is necessary to start 

planning the evaluation from the beginning of the project. This is not only for the requirement of 

baseline data but also for the proper understanding of the project from the beginning, and the 

mechanism it is implemented and affecting the intended outcomes. Therefore at the initial stage 

of an evaluation the evaluator should critically analyse possible impacts both positive and 

negative.  Then outcome goals should be established in such a way that they are measureable 

and could be held accountable (J.Pal, 2013; Rasappan, 2013).  

Both quantitative data and qualitative data are important in these studies. Though quantitative 

data is more appealing in studies, qualitative data also should be properly collected as 

information from qualitative methods is important to understand how the intervention is 

functioning (Khandker, Koolwal, & Samad, 2010). 

 

 



Evaluating Transport Infrastructure Projects 

Evaluating transport impacts could vary across various types of projects such as transport hub 

development, expressway development and national and rural road development. If the 

evaluation is properly designed, it can answer the design questions such as most effective way 

to reduce certain types of accidents and effectiveness of right of way, in addition to measuring 

the effectiveness of investment such as socio economic development, travel time saving, 

savings in vehicle operating cost, safety enhancement and environmental quality. Based on 

these future investment decisions can be made to prioritise the effective development 

strategies. 

As in any long term project, the long term impacts of transport infrastructure developments are 

interconnected with short term impacts. These causal relationships are helpful to identify 

whether a long term impact is due to the intervention of the project or other external forces. In 

transport projects all the benefits are generated by the functions of mobility and accessibility. 

However, the indicators that are selected to evaluate certain impacts are correlated with 

external factors such as local and national trends, weather conditions etc. In that case 

experimental or quasi experimental studies are essential to identify the exact impact due to the 

transport project.  

In a programme logic model/ theory of change identifying inputs, outputs, outcomes and impacts 

is the main step. Inputs for transport projects are based on the need assessment of the area. 

Need assessment can be conducted based on available administrative data, strategic plans for 

the area and additional data through surveys. Based on the need assessment resource 

(material, time, money etc.) allocation decision will be made. These are covered basically in the 

formal procedures such as prefeasibility and feasibility studies. 

Then the outputs are based on the assumption that allocated resources are utilised effectively. 

The outputs of transport projects could be measured by the number (length) of infrastructure 
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constructed/rehabilitated or construction ratio accordance with the initial plans. Data for this 

could be easily obtained from site visits and construction reports from contractors and 

consultants. Process monitoring at this stage is helpful to identify the necessary changes for the 

initial plan to ensure the effectiveness of the development with relation to long term impacts. 

Desired outcomes and impacts could be achieved only if the need assessment has correctly 

identified the requirements of the society.  Otherwise the constructed infrastructure will not be 

fully utilised and investment will be in vain. Since there is a wide range of impacts (both 

intentional and unintentional/desired and undesired) evaluator should focus on all these in the 

evaluation design. Gamalath, Perera and Bandara (2014; 2015) have discussed social, 

transport and environmental impacts of transport infrastructure projects. 

Measuring Impacts 

Impact evaluation can be conducted in the form of qualitative or quantitative analysis. 

Qualitative analysis focuses on identifying impacts, mechanisms and the extent of impacts. 

Quantitative analysis focuses on how much an impact has taken place. However, information 

from qualitative methods is extremely important to understand the mechanisms and causalities 

of impacts (Khandker, Koolwal, & Samad, 2010). In quantitative analysis identification of 

counterfactual (the state if the intervention has not taken place) is important. Difference between 

counterfactual and present situation (Figure 1) will be the actual impact.  
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Figure 1: Impact 



So the accuracy of impact evaluation is strictly dependent on the method of counterfactual 

development as it is the base of data that is used for the comparison. Several methods are used 

to assess the impact based on the data availability (J.Pal, 2013). Several such available 

methods are listed below (Greene, 2003; Rosenbaum & Rubin, 1983). 

 Pre-post method 

 Simple difference method 

 Difference-in-difference method 

 Multivariate regression method 

 Propensity score matching 

 Randomized evaluation method 

Pre-post method is the simplest method that is used in impact evaluation studies. It just 

compares the performance indicators before and after the intervention. It is possible to find the 

difference in two states of time but provides no evidence whether the current situation is due to 

the intervention or any other cause. Hence, it is valid only if other factors are constant. However, 

this is useful if the interest is only on the amount of achieved impact, not the causality (Hills & 

Junge, 2010; J.Pal, 2013). 

Simple difference method is the method to compare the present situation of two groups; one 

affected by the intervention and the other one not. This will have to be used in the case of no 

base line data is available to compare. Non availability of the data before the intervention may 

cause misinterpretation of the results unless both groups have the same characteristics other 

than the intervention (J.Pal, 2013). This is on the assumption that both groups on the same 

condition at the time before the intervention. 

Difference in difference method is the combination of the above two methods. Comparing two 

groups considering data of both before the intervention and after the intervention provides a 

solid background than the above two methods but overlook the other factors (national or 

regional trends, class size, spill over effects, selection bias of two groups etc.) that could affect 

the outcome as it changes the trends of the indicator, in two groups (J.Pal, 2013). 



Multivariate regression method is used to take into account various other effects which are not 

considered in the above methods. Regression models are developed considering possible 

factors that could affect the outcome. Contribution of each factor is calculated; gender, age, 

race etc. and the intervention by considering them as independent variables and the outcome 

indicators as the dependant variables (J.Pal, 2013). However the limitation of this method is that 

every factor that can affect the outcome cannot be observed or collection of data for each factor 

will require additional resources. Hence omitted variable bias could affect the results generated 

from regression techniques. 

Randomized evaluation method is the studying of controlled groups that are not affected by the 

intervention. This method is mostly used in welfare and community development projects. 

Selecting randomized groups and maintaining them without being contaminated of other effects 

should be paid utmost attention and could be difficult (J.Pal, 2013).This technique has limited 

application in transport infrastructure development due to the non-randomness of the treatment 

assignment in transport infrastructure development as well as limitation in number of controlled 

and treatment groups to satisfy the statistical reliability of the study. However where this method 

can be practically used such as in medicine it is identified as the gold standard in impact 

evaluation and there is arguments on this and stress on the need and importance of 

observational studies (Black, 1996; Kaptchuk, 2001; Kay, Scherer, & Lefebvre, 1994). 

Propensity score matching is a technique which uses several observed covariates to match 

treatment and control groups (detailed description of the method is given with the case study).   

This reduces the biases that could arise in control and treatment groups. However, in this case 

also omitted variable bias could arise and several matching techniques are proposed to reduce 

the bias. Rosenbaum & Rubin (1983) proposed the propensity score matcing technique which is 

the conditional probability of assignment to a treatment based on several covariates, to match 

different treatments and control group. 



However, where suitable comparison groups are not available; specially in impacts such as 

ecological impacts, techniques such as pre-post, simple difference or difference in difference 

can be used. However, selecting control groups will increase the reliability of the analysis as it 

helps to omit the bias that could occur as indicators will naturally change with time even without 

the intervention. Table 1 discusses various techniques applicable considering these constraints 

and robustness of analysis. 

Table 1: Quantitative Analysis Techniques 

Impact Category Criterion Sub Criterion Technique 

Engineering Geotechnical Geologically sensitive areas Pre post 

  Topographical issues Pre post 

 Hydrological Hydrological sensitive areas Pre post 

  Impact to drainage system Pre post 

Environmental 
  

Effect to natural resources Pre post 

Ecological 
impacts 

 Difference in 
difference  

Impact from waste disposal Pre post 

Impact from land use change Pre post 

Pollution  Air Regression/ 
Propensity 
score matching 

Noise and light Regression/ 
Propensity 
score matching 

Water Regression/ 
Propensity 
score matching 

Socio 
economic 

Economic Land use objectives (strategic development) Pre post 

 Social 
 
  
  
  

Access to welfare Pre post 

Community development Propensity 
score matching 

Developing of peace and reconciliation  Pre post 

Effect to agriculture Propensity 
score matching 

Change in climate change/ disaster resilience of 
community 

Pre post 

Transport 
  
  
  
  

Accessibility  Pre post 

Network impacts; effect to existing road network Pre post 

Vehicle operating cost Propensity 
score matching 
 



  
  

Intermodal connectivity Propensity 
score matching 

Safety enhancement/ accident savings Propensity 
score matching 

Travel time saving Propensity 
score matching 

Travel time reliability Propensity 
score matching 

Quantitative data alone is not sufficient for the evaluation study as it will not provide the base for 

understanding the mechanism of the programme affects. Thus proper qualitative data should 

also be collected from all stakeholders of the project. This could be in the form of opinion 

surveys or interviews with focused groups. Typically post construction evaluations are done  

year after  year of operation after construction. However, this may not be sufficient to fully 

mobilise some impacts. Laird et al (2012) suggest that 3-5 years after construction is best suited 

for impact evaluations. However, in this case proper monitoring is crucial to identify the other 

mechanisms that could affect the impacts as their contribution may have a considerable affect 

due to the extended time frame. 

POST CONSTRUCTION EVALUATION CASE STUDY FOR PUTTALAM – TRINCOMALEE 

ROAD (A 12) 

Propensity score matching technique is used in this case study to evaluate road safety impact. It 

is recommended to use this technique where suitable comparison groups are available as 

having comparison groups will help to identify whether the impact was actually due to the 

intervention or whether it was bound to happen even if the intervention did not take place. 

However, for indicators where no suitable comparison groups are available basic methods such 

as comparison between pre intervention stage and post intervention stage will have to be used 

to quantify the impacts as shown in Table 1. Since these techniques are not capable of 

identifying whether the impact can be attributed to the project, evaluator’s expert judgment have 

to be used together with qualitative data such as focused group discussion to identify the 

causality of impact and contribution from the intervention. 



For the case study, road section from Puttalam to Anuradhapura Pullayara Junction shown in 

figure 2 was selected. This A 12 road section was rehabilitated under the National Highway 

Sector Project of the RDA with ADB funding.  This project started in August 2009 and completed 

in December 2011. For illustration of the propensity score method to evaluate the post 

construction impacts, safety improvements in this road section were studied.  

 

 

 

 

 

 

Figure 2: A 12 Road Section from Puttalam to Pullayara Junction 

This road section is a two lane highway, mostly running through rural areas and located in a flat 

terrain. To match theses geographical context, roads in the same area were selected as control 

groups. However, locations for comparison of accidents were selected at least 5 km away from 

the rehabilitated road to minimise the spill over effects from the rehabilitated road. 

Then the available traffic data was sorted based on the latest available data and some locations 

were excluded from the study as the latest traffic data available for those locations had been 

collected before 2010 and it is not reasonable to assume that the same traffic flow existed by 

the end of 2013. All selected locations for the study have traffic data that had been collected on 

or after 2011and it was assumed the traffic flow has not significantly changed by the end of 

2013. 

For the chosen road points, accident data for the year 2013 was obtained from the Sri Lanka 

Police accident data base. Since there could be errors in location with regard to data base, data 



were mapped by ARC GIS and analysed for location and land use type by Google earth. Here 

the location was crosschecked with the map and road chainage given in the accident data base. 

Table 2 shows the sorted data; data for the locations which received the treatment are 

highlighted. For each survey location accidents within ±1 km of chainage were considered as 

accidents that have occurred  in that location (therefore the number of accidents shown in table 

2 has the units of per two kilometres per year).  

So based on the data available for the whole study area, for the number of accidents, land use 

type (rural/ urban) and Average Daily Traffic (ADT) using linear regression, the relationship for 

the intended outcome (accident) with other observed covariates (land use type and ADT) were 

established. MINTAB was used for this regression analysis. Equation 1 is the established 

regression equation (ℎ(��)) to be used to estimate the propensity score.  

��. ��	��������� = 	1.33	 + 	1.12	����	���	����	 + 	0.000075	���  Equation 1 

Based on the above regression equation propensity score was established by using the 

Equation 2 proposed by Rosenbaum & Rubin (1983) and Dehejia & Wahba (2002). Table 2 

shows estimated values for the propensity score of each location. 

��(�� = 1|��) =
���(��)

�����(��)
        Equation 2 

Where �ℎ(��) is the function of the intended indicator (��) as a function of the covariates which 

affect	��. Number of accidents is the �� in this case study. The impact can be expressed as in 

Equation 3. 

τ|��� = �(���|�� = 1) − �(���|�� = 1)      Equation 3 

Where τ is the impact on the observed indicator, �� (number of accidents in this case) is the 

value of the same indicator in different groups where �� = 1  denotes the receipt of the 

intervention (treatment) and		�� = 0, the non-treatment (control).  



So the total impact for the indicator under consideration can be found using the following 

formula. 

�̂|��� =
�

|�|
∑ (�� −

�

|��|
∑ ���∈��

)�∈�        Equation 4 

Where N is the number of groups in the treatment (3 in this case study) and �� is the number of 

comparison groups that is matched to the ith iterant in the treatment. For 1:1 Matching described 

below�� = 3, �� = 1, �� = 1. 

Matching of treatment groups and control groups was done in three ways. In each case the 

average impact for each treatment location was calculated using the Equation 4. Results for 

each method are stipulated in Table 3. 

1:1 Matching 

Impact was calculated using only the control groups having the exact propensity score as the 

treatment.  This method was possible as for all the treatment cases as control groups with exact 

propensity score was available. 

Based on this matching technique, in location 1(15.0 km) number of accidents has increased by 

2 while it is 1 accident increase for location 2 (55.0 km) and no change in location 3 (82.0 km). 

So based on this analysis the project on average has increased the number of accidents by 1 

accident per two kilometre per year.  

Stratified matching 

Here the impact was calculated using the control groups in a stratum.  Cochran (1968) stated 

that stratifying the sample in to five, eliminates more than 90% of covariate bias. Therefore 

sample was organised based on the propensity score and stratified in to five sections. In this 

case each stratum had only one treatment and three controls. 



Based on this matching technique, in location 1 the number of accidents has increased by 1 

while it is 1.3 for location 2 and no change in location 3. So based on this analysis the project on 

average has increased the number of accidents  by 0.8 accidents per two kilometre per year.  



Table 2: Road Safety Evaluation 

Route 
No 

Name of Road Length 
Location Latest Land 

Use 
No. of 
Accidents 

e^ h(x) 
Propensity 
Score km Name ADT YEAR 

AA012 Puttalam - Trincomalee 176.99 15.0 Karuwalagaswewa 3468 2011 0 4 4.9042 0.83 

AA012 Puttalam - Trincomalee 176.99 55.0 Nochchiyagama 6217 2012 0 3 6.0271 0.86 

AA012 Puttalam - Trincomalee 176.99 82.0 Pullayara Junction 15637 2013 1 3 37.441 0.97 

AA010 Katugastota - Kurunegala - Puttlam 124.59 70.0 Kongashandiya 5589 2014 0 4 5.7498 0.85 

AA010 Katugastota - Kurunegala - Puttlam 124.59 110.0 Kottukachchiya 3276 2012 0 3 4.8341 0.83 

AA013 Galkulama - Anuradhapura 16.64 3.0 Kawarakkulama 5150 2013 0 2 5.5636 0.85 

AA013 Galkulama - Anuradhapura 16.64 14.0 Irrigation Office A'pura 15777 2012 1 3 37.8353 0.97 

AA020 Anuradhapura - Rambewa 14.48 8.0 Parasangaswewa 8169 2013 0 3 6.9773 0.87 

AA028 Anuradhapura - Padeniya 84.10 13.0 Thalawa 8838 2010 0 0 7.3364 0.88 

AA028 Anuradhapura - Padeniya 84.10 70.0   9917 2012 0 2 7.9547 0.89 

B564 OtappuwaIhalawewa 13.80 5.00   2015 2013 0 0 4.3978 0.81 

B501 Andarawewa – Balaluwewa 52.75 10.0 Galnewa 4057 2012 1 4 15.7096 0.94 

B201 Karuwalagaswewa - Miyallewa 19.31 11.0   308 2011 0 0 3.8694 0.79 

B019 
Anamaduwa - Uswewa - 
Galgamuwa 39.02 7.0   2275 2011 0 1 4.4844 0.82 

B019 
Anamaduwa - Uswewa - 
Galgamuwa 39.02 18.0   2223 2011 0 0 4.4670 0.82 

B213 Kekirawa - Talawa 37.41 2.0 Maldenipura 6294 2011 0 2 6.0620 0.86 

B213 Kekirawa - Talawa 37.41 16.0 Sangettawa 3146 2012 0 3 4.7872 0.83 

B117 Eppawala - Timbiriwewa 15.69 6.0 IhalaHalmillewa 2023 2012 0 0 4.400 0.81 

B126 Galgamuwa - Nikawewa 24.54 5.0 Pahalakokwewa 1929 2011 0 2 4.3696 0.81 

B379 Puttalam - Marichchikadai 65.97 4.0   3210 2012 0 0 4.8102 0.83 



Radius matching 

For calculating the impact control groups within a predefined propensity score interval (±0.05 

in this case) were used. Based on this matching technique, for location 1and 2, 14 

comparison groups are available while only 2 comparison groups are available for location 3. 

In location 1 number of accidents has increased by 2.6 while it is 1.4 for location 2 and a 

decrease of 0.5 in location 3. So based on this analysis the project on average has 

increased the number of accidents by 1.2 accidents per two kilometre per year.  

Table 3: Results for different Matching Technique 

 1:1 Matching Stratified matching Radius matching 

Impact for treatment location 1 2 1 2.6 

Impact for treatment location 2 1 1.3 1.4 

Impact for treatment location 3 0 0 -0.5 

Average impact of the project 1 0.8 1.2 

Although each matching technique gives slightly different values compared to each other, all 

indicate that the rehabilitation of the project has increased the number accidents 

approximately 1 accident per two kilometre per year. Though steps have been taken to 

reduce the spill over effects and unobserved covariate bias, results may be underestimated 

if there has been improvement that have been undertaken close to 2013. 

CONCLUSION AND RECOMMENDATIONS 

As the transport infrastructure development projects require significant amount of resources 

and has a social and economic value selecting the best alternative will lead to the effective 

usage of the limited resources and sustainable development of the benefiting community 

and area. With the data available from post construction evaluations, planning stage can 

explicitly incorporate the risks associated with each intended impact and enhance 

development decisions. This in turn will be helpful to identify more cost effective methods to 

achieve intended social and economic outcomes from transport infrastructure projects 

minimising the negative impacts. 



Methods identified in this study were based on nature of transport projects and resource and 

data availability. They try to identify the impact on one criterion at a time neglecting the 

possible interaction between various impacts. Research is currently been conducted trying to 

identify a method to analyse multi cause multi impacts, specially in the field of clinical 

experiments. These enhanced methods could be used to study such impacts in transport 

infrastructure developments as well for better understanding of the multi-disciplinary long-

term impacts. 
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