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Chapter

Managing Uncertainty in the 
Construction Phase of Road 
Projects
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and Agnar Johansen

Abstract

Construction projects are fraught with uncertainties. This chapter’s objective is to 
demonstrate how uncertainty is managed in the construction phase of road projects. 
Three aspects of uncertainty management in the construction phase are examined: 
people and organization, management process, and tools and techniques. The specific 
importance of the construction phase is based on the fast changes and complexity of 
this phase. A longitudinal study of seven Norwegian road projects is performed. The 
projects were all large in terms of cost, each with costs of more than $100 million. 
Researchers evaluated how uncertainty emerged during the construction phase and 
how major uncertainties were appraised step by step during construction. In addition, 
this study contributes to a new recognition of important factors, which influences 
risk and opportunity management in large road projects by introducing a suggested 
conceptual framework.

Keywords: uncertainty management, risk, construction phase, challenges, enablers

1. Introduction

The topic of this chapter is managing uncertainty in the construction phase of 
road projects. Road projects are characterized by high complexity and high uncer-
tainty, making the project objectives relatively challenging to achieve. Managers need 
to know challenges that threaten the foundation for uncertainty management. To 
improve uncertainty management, we need to understand the main enablers that can 
improve the uncertainty management process. This will pave the way for better per-
formance of road construction endeavors. To start with, this chapter provides theories 
that cast light on the nature of uncertainty and the strategies and methodologies used 
for its management. This chapter aims to provide a suggested conceptual framework 
to manage uncertainty, thereby enhancing project management’s capacity to flourish 
in the dynamic world of construction projects.

Improved processes and productivity of road projects contribute to reduced 
construction costs, lower project time, shorter travel times, and higher safety for 
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travelers and goods. Many stakeholders believe that better roads lead to a firm’s 
productivity and therefore yield economic benefits beyond those perceived by users 
[1]. The construction phase of road projects embraces different uncertainties, such as 
soil conditions, weather conditions, and material provision and quality. Furthermore, 
the choice of delivery models, contracts with contractors, and competency of project 
team members, as well as the quality of communication among stakeholders and 
many others, are influencing uncertainty factors.

Numerous studies have been undertaken on construction projects’ uncertainty 
and risk management. Despite the extensive research on the matter, construction 
projects persist in experiencing both cost and time overruns, as well as underruns 
[2]. Complexity and ambiguity may be identified as principal factors contributing to 
the presence of uncertainty. Uncertainty, according to Galbraith [3], originates from 
a lack of information when a decision has to be taken. He explained that uncertainty 
hinders the ability of businesses to plan proactively and make sound decisions before 
project execution. Risks are uncertainties with negative effects on the project’s objec-
tive. Opportunities are elements with potential for positive outcomes [4]. Uncertainty 
will relate to different aspects of projects, such as cost, time, quality, reputation, 
safety, sustainability, and others [5]. Uncertainties can affect different levels of a 
project: strategic, tactical, and operational levels. Handling uncertainties in a project 
is done through different types of uncertainty analyses, including managing uncer-
tainty in the project and by uncertainty leadership in the project owner organization 
[6]. Different frameworks for uncertainty management exist in the literature [7–10]. 
In summary, uncertainty is managed by seeking to understand up front what we 
do not know for sure, analyzing its potential consequences, and actively choosing 
remedies to increase our control over the development.

The construction phase of the projects has not received adequate attention from 
researchers [11]. However, it is in the early phase and construction phases of the 
project life cycle that risk management practices are more extensively employed 
compared with the conceptual or termination phases [12]. Consequently, the 
analysis of the construction phase, regarding its complexity and demanding nature, 
becomes crucial.

Effective management of uncertainty in the construction phase poses a perpetual 
challenge. Understanding what kind of uncertainties matter in the construction phase 
seen from the owner’s or the contractor’s side is a challenge in most projects. Finding 
the risk that matters and estimating the right level of contingency reserves are critical 
for making the right decisions in the front end and for managing the project through 
execution. Small reserves could lead to overruns, and large reserves could lead to 
spending more money and time than necessary, which again is a waste.

In the uncertainty management process, some challenges persist. Knowing 
these challenges is useful to effectively address them in future projects [13]. Some 
challenges are related to the uncertainty analysis process, such as the inadequate 
composition of the uncertainty analysis group, excessive details in cost estimation 
methods (complexity), failure to recognize opportunities, and underestimated levels 
of uncertainty in different phases [4]. The aforementioned challenges pertain to the 
analysis of uncertainties in advance. Despite knowing these challenges, only a limited 
number of studies have deeply explored practical obstacles in uncertainty analysis 
and management and proposed effective solutions for them.

A multitude of uncertainty factors affect road projects [14]. Uncertainty manage-
ment includes different components, such as human and organization, processes 
and tools, and techniques [8, 15]. Familiarity with the different components and the 
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challenges in uncertainty management [6] is crucial for managers, engineers, and 
stakeholders. It equips them with the knowledge and skills necessary to effectively 
manage uncertainties and contribute to the success of road projects. For better 
recognition of challenges and to find solutions for overcoming them, understanding 
the uncertainty management components is important.

Understanding different components of uncertainty management [8] offers 
insight into uncertainty management practices. It will help project managers with 
strategies on how to manage uncertainties in the construction phase of the projects. 
Simultaneously, it will help to identify challenges and enablers for uncertainty man-
agement. These components are inseparable from uncertainty management practices 
because they are interdependent and may influence one another. Not knowing them 
makes the management process difficult or even impossible.

There are numerous models for uncertainty and risk management [4–7, 16, 17]. 
The availability of models or tools is not regarded as a significant concern. A variety 
of models, tools, and techniques to analyze and manage uncertainty in projects are 
available and working if they are used right. The inadequate consideration given to 
the process of managing uncertainty throughout the construction phase is of greater 
concern. The risk management process needs to be improved. One way of doing this 
is by analyzing how successful projects identify and manage opportunities and risks 
in the construction phase in practice. This represents a research gap addressed in this 
chapter.

The purpose of this chapter is to introduce a suggested conceptual framework for 
uncertainty management in the construction phase of road projects. Increased knowl-
edge about uncertainty factors, uncertainty management enablers and challenges, 
and uncertainty management components are needed. The questions addressed to 
answer the purpose are as follows:

Q1: How are uncertainties in the construction phase managed?
Q2: What are the main challenges and enablers in the uncertainty management of 

road construction projects?
The second section will introduce the basic theories and components of uncer-

tainty management. The third section focuses on the findings from empirical studies, 
which cover uncertainty management and challenges and enablers in uncertainty 
management. Section four discusses the findings, and the last section presents the 
conclusion and way forward.

2. Uncertainty management in large road projects

Uncertainty is an inherent aspect of everyday life, influencing our perception 
of situations as either opportunities or risks. This perception greatly impacts our 
understanding of projects and operations, allowing us to take necessary precautions 
to mitigate risks associated with cost, time, and project quality. Successful projects 
must carefully consider the interplay between cost, time, and quality, often referred 
to as the “iron triangle” [18]. Uncertainties stemming from various sources have 
direct consequences on project cost, time, and quality, influencing decision-making 
and daily choices. By studying uncertainty management, we not only gain a better 
understanding of its impact but also acquire valuable insights into how to effectively 
navigate and manage uncertainties in project environments.

Uncertainty origins and drivers could be categorized into operational, strategic, 
and contextual risks [19]. Different drivers will occur and vary over a project’s 
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construction phase depending on the uncertainty management strategies and the 
context in which the project is executed [19], as depicted in Figure 1. Most of the 
time, risk management is conducted by project managers in the pre-project and plan-
ning phases and is not followed in the construction phase. By getting more informa-
tion and more analysis, the level of risk is reduced. In the execution phase, all three 
categories of risk are at high levels, as shown in Figure 1. After finishing construction, 
the level of risk is reduced through commissioning and closeout.

Operational uncertainties related to the project design and construction are 
managed by the project team. Uncertainties with strategic origins are business-
level uncertainties handled by the owner or mother organization and are out of 
the project manager’s control. Uncertainties with contextual origins are conditions 
external to the project, which may have an impact on its process and results, such 
as war and events with global effects on the whole supply chain [6] (p. 48) [8] (p. 
133). During construction, certain risks may arise, which are difficult to anticipate 
before project initiation. Lack of competent team members, accidents, unexpected 
things in ground conditions, or changes in regulations could be some examples of 
such risks.

To effectively manage uncertainties with different origins, project managers need 
to have a process supported by suitable tools and expert people. Simister [20] devel-
oped a process for uncertainty management based on international standards and 
guidelines from professional institutions. The process is illustrated in Figure 2.

The process of uncertainty management includes identifying, registering, evalu-
ating, and treating uncertainties. The three important components studied in the 
literature [8] for uncertainty management are as follows:

a. Human and organization

b. The process

c. Tools and techniques

In this section, we explain each of these components separately.

Figure 1. 
Operational, strategic, and contextual risk over project phases [19].
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2.1 Human and organization in uncertainty management

The “human and organization” component incorporates a variety of professions, 
skills, and roles, including civil engineers, construction employees, project managers, 
and stakeholders. Effective uncertainty management relies on the critical elements of 
collaboration, coordination, and the fulfillment of different duties.

Regarding the human and organization component, risk responsibility and owner-
ship have been emphasized as crucial factors [8, 21]. Individuals within project teams 
need to take ownership of the risk management processes and be accountable for 
their respective roles. Workforce competency is another key criterion [7, 22]. A team 
of individuals who possess the necessary competence and skills plays a crucial role 
in facilitating successful decision-making and problem-solving, particularly when 
confronted with unknown circumstances. The clear definition of team members’ 
roles [6, 23, 24], effective communication [24, 25], and a supportive organizational 
culture [26, 27] are additional criteria that contribute to the overall effectiveness of 
uncertainty management.

2.2 Uncertainty management’s process

The process component plays a vital role in uncertainty management,  encompassing 
phases, such as initial planning and risk identification, risk analysis, mitigation strate-
gies, and ongoing monitoring. Each stage of the process is  interdependent, ensuring 
that all uncertainties are effectively addressed and mitigated.

Johansen [28] suggested a 9-step uncertainty management process for identifying, 
analyzing, and following up project uncertainty as illustrated in Figure 3.

Steps 1 and 2 are for preparing the process, Steps 3–7 are for group processes 
(workshops) for identifying, analyzing, and developing measures for exploiting 
or controlling the uncertainty, and the final steps, Steps 8–9, are for following up 
the uncertainty during the project life cycle. Typically, these steps are done in a risk 
register with a matrix consisting of opportunities and risks with a follow-up function.

Figure 2. 
Process for risk management according to Simister [20].
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Formal and informal meetings have the potential to impact and facilitate the 
uncertainty management process. Formal meetings are pre-scheduled meetings in 
which people’s role is defined, and project teams with various disciplines gather and 
conduct an uncertainty analysis session (with an external facilitator) held every 
month or every 6 months. These formal meetings could be project sessions in which 
problems and events during projects are discussed, or they could be workshops for 
identifying uncertainties in the projects. Informal meetings are meetings without pre-
plan, such as coffee time, lunchtime meetings, or meetings in the workplace corridors 
[8, 29].

In the process of managing uncertainty, it is important to identify and plan 
for harvesting opportunities. Earlier, the focus was only on risks and threats. In 
recent years, the prevalent trend in risk management has shifted significantly, with 
a greater emphasis now placed on identifying and capitalizing on opportunities. 
Standardization contributes to the degree to which uncertainty management is 
structured and systematically followed, ensuring that all projects adhere to the same 
set of procedures and guidelines.

Many of these subjects that we mentioned for the uncertainty management 
process, such as formal or informal meetings, equal consideration for risk and 
opportunity, and others, originated from organizational culture. Leadership and their 
support play an important role. In terms of the process component, equal consid-
eration for risk and opportunity has been identified as a crucial criterion [6]. This 
ensures that potential risks and opportunities are adequately assessed and addressed 
throughout the project lifecycle. The process should be user-friendly and simple for 
project teams to implement and use in the daily management of the project. Adequate 
documentation is essential for effective uncertainty management [7] because it 
facilitates knowledge sharing and provides a reference for future decision-making. 
Collaboration and information exchange among project stakeholders also play a vital 
role in the uncertainty management process [24].

2.3 Tools and techniques in uncertainty management

The “tools and techniques” component involves analytical and visualization meth-
ods and techniques for project uncertainty identification, analysis, and management. 

Figure 3. 
Practical uncertainty management—9-step framework [28].
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Proper utilization of suitable tools and techniques enhances decision-making, com-
munication, and overall project outcomes. The “tools and techniques” component 
requires careful consideration as well. The complexity or simplicity of the tools and 
techniques utilized should match the project requirements [21]. Precision is another 
criterion, with the need to select tools and techniques that provide accurate and reli-
able results [21]. The capability of visualization and documentation is also important 
for effective uncertainty management [8, 30].

By incorporating these criteria, stakeholders can establish a comprehensive 
approach to uncertainty management, ensuring the successful completion of projects 
while minimizing the impact of uncertainties. The cited references provide further 
insights into the importance of each component and serve as valuable resources 
for understanding and implementing effective uncertainty management practices. 
Additionally, the construction phase of a project is a critical stage wherein project 
contractors and team members are defined and resources are allocated.

The theoretical foundation presented above makes up a useful base of concepts 
and principles. To understand the uncertainty management practices and improve 
their performance in the construction phase, we turn to empirical data from real 
projects.

3. Empirical findings from the construction phase of road projects

The construction phase in road projects starts when the contractor and team 
members are in place. Project resources are decided, and a design has been conducted. 
At this stage, the project environment is dynamic and incorporated with different 
events and accidents that have the potential to influence the project, which now runs 
at a high speed.

Here, the empirical study reported is based on longitudinal case studies, includ-
ing seven road projects in Norway. All seven projects in the study were large in terms 
of time and money, and they were highly complex projects. All major projects in 
Norway need to pass the Ministry of Finance’s quality assurance (QA) to be approved 
by their government for financing. Documentation from this QA includes complete 
uncertainty analysis and is publicly available. All road projects in this study finished 
their construction phase, and we evaluated them in the year 2022–2023. Case studies 
include document studies and interviews with experts involved in the uncertainty 
management of these projects. The interviewees had different roles, such as project 
manager and project controller. The researchers studied firsthand how uncertain-
ties were managed in the construction phase of the projects. Uncertainties and their 
management were structured according to three components mentioned. We present 
the findings in two consecutive sections.

3.1 Identifying uncertainties and managing them

Market, project organization, and project planning were the three major sources 
of uncertainty in seven studied projects in the construction phase. Table 1 shows 
the important uncertainties in the early phase of these seven projects. The data are 
collected from the project’s quality assurance reports or uncertainty cost analysis 
reports. Table 1 contains a mixture of uncertainties, which are referred to as “fac-
tor uncertainty” that affect all or parts of the project, for example, a market that is 
unforeseen in relation to the level of detail, the project organization/lack of access 
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to competent workforce, errors in design and poor engineering solutions, nature/
weather conditions, unforeseen ground conditions, new standards and norms or laws 
and regulations, construction time, and geology and geotechnics.

Project The top 5 uncertainties

1. • Market

• Planning and engineering

• Project organization

• Rig of contractor for the tunnel

• Water and frost protection for tunnel

2. • Rig, contractor tunnel

• Market

• Project organization

• Construction- Road

• Construction- Road - Bridge

3. • Market

• Project organization

• Contractor, rig, tunnel

• Other project exercises

• Unforeseen uncertainty related to the degree of detail

4. • Market

• Unforeseen uncertainty related to the degree of detail

• Bracing system in bridge

• Project owner cost

• Bridge cable

5. • Market

• Land acquisition

• Large bridge

• Unforeseen uncertainty related to the degree of detail

• Engineering

6. • Project organization and losing competent personnel

• Construction execution

• Groundwork concerning soil/terrain/masse, measurement certificate

• Owner management and framework conditions

• Market

7. • Mass balance

• Blasting process

• Works on long traffic roads

• Geology

• Environmental conditions in project (for instance: waterfall, soil, vulnerable species,…)

Table 1. 
Top five uncertainties in the early phase of the projects.
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Uncertainties in Table 1 pertain to cost-related elements such as the rig and tunnel 
operation, as well as road operations. Additionally, this encompasses unpredictable 
circumstances characterized by events of low probability with high impact, referred 
to as “force majeure.” In such instances, neither the owner nor the contractor can be 
held accountable for the occurrence of these conditions. Still, the consequences must 
be managed.

Market uncertainty often includes several considerations, which means that it 
can be complicated to assess. One way of looking at that uncertainty is to look at the 
difference between two different offers as a signal of how much market uncertainty 
there is in the offers, that is, if the lowest bidder prices the bridge at 950 million and 
the highest bidder prices the same bridge at 1050 million, the market uncertainty is 
often seen as 100 million. We believe that this initial assessment is too simple. Many 
different uncertainties, such as poor ground conditions, insurance requirements, and 
other factors can cause the latter bidder to assess differently and end up with a higher 
sum than the first.

Table 2 shows the comparison of uncertainties in the early phase of the seven proj-
ects with the construction phase. The uncertainties in the right column are based on 
interviews with the project owner and project managers from the seven case projects 
consisting of not only the usual uncertainties, such as the market, but also some more 
project-specific uncertainties, such as the replacement of bolts on project number 4. It 
is interesting to observe the difference among uncertainties in the early phase and the 
construction phase. When construction begins, the essence of uncertainties is differ-
ent from the early phase. Projects face other unexpected events and uncertainties dur-
ing the construction phase. In the dynamic and high pace of execution phase, project 
management must have strategies for tackling uncertainties that are unexpected or 
not identified in the early phase.

In one of the projects, the project manager emphasized that all team members 
should have enough competency. However, when observing the contractor’s perfor-
mance across two different teams involved in separate sub-projects, variations became 
evident. In one project, the contractor demonstrated a highly proficient understanding 
of the overall scope, resulting in excellent performance. Conversely, in the other proj-
ect, their lack of competence hindered their ability to deliver a satisfactory outcome.

Creating a conducive working environment and establishing a robust communica-
tion platform within a project organization is vital for effective uncertainty manage-
ment. “We had good communication with the contractor, which resulted in saving money 
for both of us (opportunity) and it led to a win-win situation.” This situation was a 
bonus scheme, which was suggested to the contractor for completing part of the road. 
This completion of the work led to better and smoother operation and maintenance 
of the road, which has many benefits for the project owner too. This benefit was 
estimated to be approximately $1 million.

Another valuable suggestion put forth was the implementation of systematic 
registering of uncertainties, which involves continuous monitoring of uncertainties 
and aids in preventing redundant registrations leading to inefficiencies.

Furthermore, road projects should conduct comprehensive feasibility studies and 
scenario plans to anticipate changes in regulations, funding availability, and market 
conditions because of strategic uncertainties.

One of the uncertainties that could challenge projects was related to designing 
irrational procedures for uncertainty management. This weakness reduces our ability 
to identify uncertainties during the construction phase. If the uncertainties were 
considered in the planning phase, the result could be much better. For example, in one 
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Projects Early phase Construction phase

1. • Market

• Planning and engineering

• Project organization

• Rig of contractor for the tunnel

• Water and frost protection -tunnel

• Injection

• Little rational operation

• Changes of requirements

• Changes of solutions

2. • Rig, contractor tunnel

• Market

• Project organization

• Road Construction

• Bridge

• Mass balance

• Market

• Weather condition

• Contractor implementation competency

• Frost protection

3. • Market

• Project organization

• Contractor’s rig for tunnel

• Other project exercises

• Unforeseen uncertainty related to the 
degree of detail

• Polluted ground

• Contractors ‘construction’s ability

• Quantity

• Construction time, project organization and 
planning Construction time, project design

4. • Market

• Degree of detail

• Bracing system in bridge

• Project owner cost

• Bridge cable

• Market

• Progress in execution

• Weather condition

• Key personnel

• Replacement of bolts

5. • Market

• Land acquisition

• Large bridge

• Unforeseen uncertainty related to the 
degree of the detailed engineering

• Market

• Changes of routines

• Supervisor and legislation

• Construction in a densely populated area

• Competency in its organization

6. • Project organization and losing 
competent personnel.

• Construction execution

• Groundwork concerning soil/terrain/
masse, measurement certificate

• Owner control and framework 
conditions

• Market

• Total temporary stoppage of the project

• Technical complexity in the tunnel

• Construction in densely

• populated areas

• Ground conditions

• Foundation of bridge

• The technical complexity of Bridge COVID-19

7. • Mass balance

• Blasting process

• Works on long traffic roads

• Geology

• Environmental conditions in the 
project (for instance: waterfall, soil, 
vulnerable species, and...)

• Injection

• Delivery challenges

• COVID-19

Table 2. 
Top uncertainties in the early and the construction phase.
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of the projects, the project manager said: “There was little planning and pre-evaluation 
for tunneling done before the project started, and after beginning construction, unexpected 
things happened”.

The project manager in one of the projects said: “Market is one of the important 
uncertainties, and after contracting to some extent, it is solved. Regulation and changes in 
them are other uncertainties which affect the project.” Monitoring market trends regu-
larly and maintaining solid relationships with stakeholders and regulatory bodies are 
helpful. Lastly, proactive engagement with stakeholders, including local communities 
and environmental organizations, is essential for contextual uncertainties. By incor-
porating stakeholders’ perspectives, addressing their concerns, and incorporating 
their feedback into decision-making, road construction projects can reduce conflicts 
and improve their resilience. Using this comprehensive approach, road projects can 
effectively manage uncertainties.

3.2 Challenges and enablers toward uncertainty management

In this section, we presented and explored the challenges involved in uncertainty 
management. Solutions for these challenges can serve as enablers for uncertainty 
management in the context of road construction projects. The identified challenges 
are overemphasizing risk over opportunity management, lack of systematic approach 
in uncertainty management, and shortage of systematic training on uncertainty 
management.

3.2.1 Emphasizing risk over opportunity

In the process component, studied road projects primarily focus on risk manage-
ment rather than opportunities. For example, in one of the projects, the number of 
risks and opportunities found in the risk register had the pattern shown in Table 3.

The number of risks presented in Table 3 surpasses the number of opportunities, 
highlighting the significant focus on risk management in projects. Table 4 provides 
an overview of the total risks and opportunities observed in the construction phase of 
the seven cases.

Years Risks Opportunities Total

One year before construction 34 2 36

One year after construction 75 3 78

Mid construction phase 64 1 65

Table 3. 
Number of identified risks and opportunities in one of the projects.

Project 

1

Project 

2

Project 

3

Project 

4

Project 

5

Project 

6

Project 7

Risks 52 19 75 23 46 85 —

Opportunities 15 1 3 8 4 15 —

Table 4. 
Comparison of project risk versus opportunity focus.
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Data for the projects are derived from reports provided at varying intervals, such 
as monthly, quarterly, biannually, and yearly. Data for project 7 are not available in 
Table 4 because of incomplete documentation.

In every study conducted, there was a consistent pattern of risk management tak-
ing precedence over managing opportunities. Unfortunately, this tendency persists 
in six projects. Addressing opportunities becomes increasingly difficult during the 
implementation phase because plans are decided, and in the middle of construction, 
identifying opportunities is difficult. The only project in which they exploited oppor-
tunities had a different form of contract and procurement strategy. The contract and 
procurement strategy supported opportunities in this project.

In one of the projects, the project manager mentioned: “Due to the lack of a 
culture that promoted the identification of uncertainties and the pursuit of opportunities 
at a higher organizational level, the project ended up predominantly prioritizing risk 
management.”

3.2.2 To benefit from the systematic approach

Three projects from the seven in the study have a consistent strategy for managing 
uncertainty. They engage in a continuous process of collecting information, identifying 
uncertainties, implementing measures, and monitoring the uncertainties. Additionally, 
the project’s unpredictability is reported monthly.

The case studies demonstrate varying approaches to uncertainty management. 
While some projects explicitly incorporate the uncertainty register into their uncer-
tainty management practices, other projects update the register minimally after con-
struction commences. According to the project manager’s statements in the interview:

“I think the value of systematic risk registration is necessary for achieving better 

and more consistent performance. Fostering transparency and promoting effective 

communication among all involved parties could improve uncertainty management 

in projects.”

Moreover, some projects actively pursue opportunities to generate cost savings, 
whereas others use the register primarily to monitor the early phase identified 
uncertainties. Overall, each project’s uncertainty register identifies more threats than 
opportunities. Other observed patterns in seven projects were a lack of attention to 
measures for identified uncertainties and not dedicating sufficient time to develop 
risk reduction measures. A systematic approach contributes to regularly defining and 
updating measures during the project’s execution phase. Intriguingly, the frequency 
of uncertainty analysis varied significantly among projects, with some executing it 
monthly, others three or four times a year, and still others every 6 months. This partly 
demonstrates a systematic approach to uncertainty management.

Some of the projects experienced challenges in working with the risk registering 
tool. In some cases, some uncertainties were deleted, which affected the usage of 
the system for risk registration. There was no regular meeting to follow up on the 
uncertainty management system. One of the project managers interviewed said: “To 
small extent projects logged uncertainties and measures, which they adopt for managing 
uncertainties. Such logs could be very helpful and could have a learning effect.”

The quote from the owner was: “What has been truly fascinating is that during 

our prolonged discussions on relationships, they frequently evolved into discussions 
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about opportunities. This has not only helped us in terms of cost reduction but has 

also allowed the contractor to mitigate implementation risks and optimize resource 

utilization, resulting in significant cost savings and greater profitability.”

3.2.3 Systematic training on uncertainty management

The analysis of seven road construction projects revealed a lack of systematic 
training for those responsible for managing uncertainty. Numerous respondents 
mentioned initial difficulties and learning the tools and techniques through trial 
and error. For instance, a project controller in one of the projects said: “We had some 
courses at the beginning of the career for the job position, but we did not have any training 
for uncertainty management, and we learned it during the project.” Despite confronting 
numerous uncertainties in their daily work, it remained unclear to what extent they 
utilized a systematic approach to uncertainty management. This raised the ques-
tion of why businesses should invest considerable time and resources in uncertainty 
analysis if the project teams do not directly benefit from it. Some projects were 
more systematic than others in their approach to uncertainty management. If the 
frequency of analysis meetings increases and is supported by efficient tools, we 
anticipate that the outcomes will be more satisfying and in line with expectations. 
This will come from an increased focus on the right things and the training effect of 
doing it more often.

4. Discussion

This is not the first study of uncertainty in major Norwegian projects. Market, 
project organization, and project planning were the three major sources of uncer-
tainty in seven studied projects in the construction phase, aligned with previous 
studies [14, 31]. As a reference, we note the following results: The most frequent 
uncertainties in the pre-project phase projects are organizational factors, market 
conditions, and technical conditions [31]. Project organization, market conditions, 
project planning and control, and technical conditions are the most frequent uncer-
tainties [14].

Uncertainties arising from market conditions, project organization, and project 
planning have consistently been recognized as critical factors that can significantly 
impact project outcomes. Market uncertainties, such as changes in demand, price 
changes, competition, or economic conditions, pose challenges in predicting project 
success and may require adaptive strategies. Project organization uncertainties refer 
to factors related to the structure, roles, and dynamics of the project team, which 
can influence communication, decision-making, and coordination. Lastly, project 
planning uncertainties encompass risks associated with project scope, scheduling, 
resource allocation, and other planning aspects. By acknowledging the importance of 
these three sources of uncertainty, project managers and stakeholders can proactively 
identify and address potential challenges, leading to more effective risk management 
and improved project performance.

All the uncertainties mentioned can be categorized into operational, strategic, and 
contextual. To proficiently address operational, strategic, and contextual uncertain-
ties, it would be helpful for road projects to embrace a comprehensive and integrated 
approach. This strategy requires forethought, effective communication, adaptability, 
and follow-up meetings with the participation of key people in the project team. 
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Comprehensive risk assessments and review plans should be conducted for opera-
tional uncertainties to mitigate potential challenges in day-to-day project activities. 
This includes conducting site investigations, utilizing reliable apparatus and technol-
ogy, and communicating with subcontractors and suppliers openly.

Early identification of the mentioned challenges (overemphasizing risk over 
opportunity management, lack of systematic approach, and shortage of system-
atic training) in projects contributes to improving the process of uncertainty 
management, and thus, enhancing cost performance. By implementing effective 
planning and employing appropriate measures to address risks and capitalize on 
opportunities, project teams can work toward achieving project objectives more 
successfully.

In the process component, studied road projects primarily focus on risk manage-
ment rather than opportunities. This pattern is in line with findings in previous 
studies [8, 32]. Risks are often more apparent and urgent to address because they 
are associated with negative outcomes, such as cost overrun and potential loss to 
the project. Risks are seen as more tangible and predictable, whereas opportunities 
require an innovative approach to identify them. Road projects also operate within 
tight budgets and timelines, which prioritize risk mitigation for project success. 
Opportunities may be perceived as adding complexity or potential delays. However, 
road projects must recognize and embrace opportunities for innovation and cost sav-
ings to achieve improved outcomes. Balancing risk and opportunity management can 
lead to enhanced stakeholder value and overall project success.

Noticing risks more than opportunities becomes particularly important when a 
project encounters unforeseen costs and requires cost reductions. While reduction 
lists and optimizations may assist in lowering expenses, they may not be sufficient to 
fully offset the costs incurred. In addition, because of the tight schedule and budget, 
there is often a low flexibility for identifying and spending time exploring oppor-
tunities in the execution phase. Failure to recognize and utilize opportunities early 
in projects can result in significant consequences and expensive changes later in the 
project’s life cycle.

To improve the identification of uncertainties, project teams must recognize the 
significance of actively pursuing and embracing opportunities throughout the project 
[6]. This shift in attitude requires nurturing a culture of proactive opportunity 
identification and evaluation at different levels of the organization. Implementing 
structured processes and frameworks for opportunity management, promoting col-
laboration and brainstorming sessions to uncover hidden possibilities, and providing 
training and guidance on identifying and using opportunities are all contributing to 
opportunity management [8]. Improving opportunity management and effective risk 
management projects can maximize their success and efficiency.

The lack of a systematic approach to uncertainty management is another chal-
lenge in uncertainty management. One of the main obstacles faced in implementing 
a systematic approach to uncertainty management relates to the low priority given to 
uncertainty management processes in projects by top management, resulting in its 
perceived lack of importance. In some cases, there is a technical challenge wherein 
existing tools fail to adequately assess the impact of specific risks on project costs 
when uncertainties are addressed. Understanding this level of influence (uncertainty 
on costs) could provide valuable insights for project management in monitoring and 
serve as a valuable learning experience for future endeavors. Furthermore, grant-
ing access to tools for all project members enables them to proactively register risks 
and identify potential opportunities on a daily basis. One of the key takeaways from 
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a particular project was the integration of uncertainty management into everyday 
project practices and other related activities.

As the project progresses and new uncertainties emerge, the uncertainty plans 
and documents should be updated regularly. This ensures that the approach remains 
effective and pertinent throughout the lifecycle of the project. Feedback from project 
team members, stakeholders, and relevant industry experts should be incorporated to 
refine and adapt the plans and risk registers to changing conditions.

A shortage of systematic training was obvious in seven projects. To address 
the lack of systematic training in uncertainty management, businesses should 
implement long-term training programs that cover multiple aspects of uncertainty 
management, foster a culture of continuous learning by encouraging ongoing 
professional development instead of a one-time event, and provide mentorship and 
support by connecting experienced professionals with less experienced team mem-
bers. The focus should also be on having approximately the same goals and philoso-
phies with uncertainty management across the projects so that there is continuity in 
the uncertainty work.

The level of training should be suitable for each role of the project teams to be 
effective. An increased focus on the transfer of experience will provide increased 
competence within the organization and make the project participants better 
equipped to find and implement the right measures to deal with uncertainties. By 
investing in these measures, businesses can increase the capabilities of their project 
teams, improve project outcomes, and boost the effectiveness of uncertainty analysis.

A comprehensive framework for uncertainty management needs three main 
components, as seen in Figure 4. This framework is a suggested conceptual frame-
work that covers and fulfills the challenges and provides solutions (enablers) for 
uncertainty management.

Figure 4 is a conceptual model for achieving comprehensive uncertainty manage-
ment, and it presents three components that need to work together. These suggestions 
depend on project size and complexity. With the increasing complexity and size of the 

Figure 4. 
The conceptual framework for comprehensive uncertainty management.
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projects, the suggestions are even more important. In large and complex projects, a 
comprehensive framework for uncertainty management is recommended. We suggest 
improvements for all three necessary components of the framework.

The human and organization component covers three suggested improvement 
areas, such as systematic training, risk manager role, and knowledge sharing. The 
analysis uncovered a lack of systematic training for uncertainty management within 
the projects, highlighting the necessity for enhanced training initiatives and knowl-
edge dissemination across the entire project organization. In large and complex 
projects, having a dedicated role as a risk manager improves coordination and com-
munication in the uncertainty management process. This results in a more effective 
process. In systematic training, all the people who are involved in the uncertainty 
management process should have training courses regularly. When tools and pro-
cesses are updated, they should have new training sessions. Besides, all new staff 
involved in uncertainty management should have training courses to become familiar 
with the main concepts of uncertainty management.

In the process components, meeting schedules, quality of risk registering, and 
documentation quality should be improved. Meeting schedules should include 
discussions on risks and opportunities. Uncertainty management meetings in projects 
should mirror the project size. Cost analyses and updating the risk register are typi-
cally done every 6 months in large, complex projects, and an update of the analysis 
of time is recommended to be done at least annually. These updates help leadership 
at an organizational level have a better understanding of project-level problems and 
obstacles during the execution process.

Tools and techniques component include a proper cost estimating tool, which is a 
tool for simulating time uncertainty and risk with an uncertainty/risk matrix. These 
tools should be an integrated part of the project reporting systems for each large com-
plex project. The tools in use should be checked by experts and improved, if neces-
sary, and it should be ensured that the quality of the reports is high and that the tool is 
user-friendly. The quality check could be conducted by project managers or personnel 
with enough experience in technical subjects. Conducting monthly uncertainty man-
agement activities allows the project team to consistently and systematically identify 
and address uncertainties. Although project team members engage in a form of 
uncertainty management in their daily work, formalizing this process in a systematic 
manner can further enhance project outcomes. The uncertainty register needs to be 
updated every year to remain relevant at an operational level. The risk management 
team needs to have a monthly focus on the top ten risks and opportunities.

5. Conclusions and the way forward

Market conditions, lack of competence in the project organization, and poor 
project planning are identified as the primary sources of uncertainty during the 
construction phase of road projects. Consistently, it has been acknowledged that 
these uncertainties are vital and can have a significant impact on project outcomes. 
To effectively manage these uncertainties, a comprehensive uncertainty manage-
ment strategy could be helpful. Strategic uncertainties necessitate feasibility studies 
and scenario planning, whereas operational uncertainties can be addressed through 
comprehensive risk assessments and contingency plans. It is possible to manage 
contextual uncertainties such as market conditions by choosing the right contract 
strategy, involving stakeholders, and incorporating their perspectives.
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The other interesting observation was the differences between uncertainties in 
the early phase and uncertainties in the construction phase. Most uncertainties in the 
construction phase were not expected or identified in the early phase. This shows the 
dynamic and changeable environment for the road projects, the focus opportunities, 
and the need to continue through the construction phase.

Three main challenges identified in this chapter were as follows: emphasizing 
risk management over opportunity management, lack of a systematic approach, and 
systematic training on uncertainty management.

There is strong evidence that many road projects spend most of their focus on risk 
management as opposed to opportunity management. Improvements can be made by 
measuring and changing the process, focusing on opportunity before risk. In addi-
tion, the design of contract strategies and how to share the risks and opportunities 
among different parties must be well thought through. Projects can achieve better 
performance by improving their ability to navigate uncertainty and achieve positive 
outcomes. Creating a harmonious synergy between a skilled workforce, appropri-
ate tools, and a well-defined process can serve as a solution for achieving improved 
performance in uncertainty management.

In the future, employing quantitative approaches in uncertainty management 
research holds significant potential for enhancing uncertainty management practices. 
Through empirical studies and case studies, valuable insights into different aspects of 
uncertainty management can be addressed, such as identifying uncertainties, reg-
istering them, and implementing effective measures to address them. Additionally, 
conducting research on uncertainty management across various contract strategies 
and comparing their performance could yield valuable findings. Such studies can 
shed light on the risk management effectiveness of different contract types, providing 
valuable knowledge for future projects.
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