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Uncertainty in projects creates the possibility of creating different states
of occurrence of risks, which reduces the accuracy of predicting project
time and cost. In this article, a forecasting model is presented that
improves this accuracy while considering risk management processes and
risk dependency relationships using the concept of stratification. Using the
concept of stratification, all the occurrences of risks are evaluated along
with their effects on the time and cost of the project. The results of the
implementation of the proposed model in a dam construction project
showed a 44.73% increase in actual time compared to the predicted time
and a 31.13% increase in the actual cost compared to the predicted cost if
risks are not considered and a 9.66% decrease in the project time and
decrease 15.14% shows the project cost if response strategies are
implemented, and highlights the importance of applying risk management
processes in predicting project time and cost. Carrying out the sensitivity
analysis of the proposed model also confirms the necessity of evaluating
all classes and occurrences of project risks using the concept of
stratification in the risk assessment and response stages.
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1) INTRODUCTION

Grounded in a systematic approach and enriched by the empirical wisdom of stakeholders, risk
management enhances the precision of project time and cost predictions. This manuscript introduces a
novel methodology that refines the accuracy of project time and cost forecasts by assimilating risk
considerations, their interdependencies, response strategies, and the spectrum of risk manifestation
scenarios through the lens of Conceptual Stratification Theory (CST). CST advocates for a stratified
decision-making paradigm, wherein data layers vie within a structured environment [20]. It
conceptualizes a system in flux, transitioning through discrete states toward an ultimate goal. Each state,
delineated by its inputs and outputs, undergoes stratification relative to its proximity to the desired
outcome [6]. Equipped with an incremental zooming mechanism, CST's unique adaptability to real-
world challenges fortifies the system's resilience against potential perils, thereby refining estimations
[7].

Despite the recognition of stratification's importance and applicability, research has predominantly
focused on describing the concept rather than employing it in project time and cost forecasting and risk
management. Notably, there is a dearth of studies that leverage stratification in conjunction with risk
considerations and their interdependencies to predict project outcomes. A summary of the results of the
studies is given in Table 1.

Table 1. Summary of studies conducted on project cost and time forecasting

Predicting Risk management . . .
Reference Year e Cot e A R ee Dependency of risk Concept of stratification
[5] 2017 v
[6] 2018 4
[4] 2018 v
[7] 2019 v v v v v
[2] 2020 v v
[ 2020 v v v
[9] 2020 v v 4
[10] 2021 v v v 4
[15] 2021 v
[8] 2021 v
[14] 2021 4 v v
[18] 2021 v v 4
[19] 2022 VY
[3] 2022 4 4 4 4
[11] 2022 4 4
[12] 2022 v v v v v
[21] 2022 4 v 4
[16] 2023 4 4 4
[13] 2023 vV
[17] 2023 v v
This article 2024 v v v v v 4 v

The present research addresses this gap by employing the stratification concept to account for all
potential risk occurrences, including independent risks and the probability of risk transfer between
related risks. This research's comparative advantage lies in its comprehensive consideration of risks and
interdependencies, culminating in a more accurate and actionable project time and cost forecast.

2) Solution Method
In this section, we introduce a comprehensive model that forecasts the time and cost of a project achieved
by integrating the influence of project-related risks, the interdependence relationships of these risks, and
the impact of strategies deployed to mitigate these risks, all within a stratified framework.

Initially, preliminary estimations of the project's time (T) and cost (C) are procured from the project
management cadre.

Potential project risks (R;) are identified utilizing brainstorming techniques and a risk breakdown
structure. Subsequently, a matrix of pairwise comparisons is constructed to ascertain potential
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dependencies among the risks, culminating in the formulation of a risk interdependency network. This
process involves the collective insights of brainstorming participants, the risk management ensemble,
and domain-specific experts.

Each risk is characterized by an inherent probability (SP), presumed to be independent of the effect
of the occurrence of other risks, thereby assuming a stance of mutual exclusivity. Moreover, the
transition probability (TP;;)—the likelihood of risk j and leading to the occurrence of risk i—is
quantified. In the absence of empirical data, these probabilities of risk (SP;) and transition probability
between related risks (TP;;) are appraised through historical analysis and expert judgment.

The probability of each risk's occurrence is deduced using probability theory, encapsulated by
Equation (1). This formula integrates the interdependencies among risks, where the occurrence of one
risk may precipitate another. Here, SP; signifies the independent probability of risk i, while TP;; denotes
the conditional probability of risk j leading to risk i. The variable N represents the total number of
identified risks.

cop, =1-|1-sp)x (1-7P,)] i=12..N (1)
j = {Risks affecting the occurrence of risk i}

This step involves quantifying the repercussions should a risk come to fruition. The prioritization
of risks is done using the probability and effect matrix. First, two scoring tables for the probability of
occurrence of risk and the severity of the effect of risk occurrence are designed, and based on them, each
risk is assigned two numerical indicators, which are related to the level of probability of occurrence and
the level of severity of the effect of the occurrence of that risk. Subsequently, risks are categorized within
the predefined matrix based on these values, enabling the identification and focus on the most critical
risks.

Following the assignment of severity indices, this stage leverages expert insights to precisely
quantify the impact of the most significant risks on project time and cost. The projected increase in
project duration due to each risk is denoted by (RI,"). The amount of project cost increase (RI, ) is
estimated if any of the risks (u=1, 2, ..., n) occur.

The project is modeled as a system initially in state M;, with the potential to transition to state, My
upon the manifestation of certain risk combinations. Each state My, is assigned a relative weight Wi,
indicating its significance in comparison to other states.

To mitigate computational complexity and disregard inconsequential states, each state is evaluated
and assigned a score ranging from a to d, based on the numerical indicators of risk within that state.
Consequently, weights from 4 to 1 are allocated to states with scores from a to d, respectively.
Furthermore, the projected time and cost implications of the project, in the event of any risk scenario,
are calculated using formulas (2) and (3). In the worst-case scenario, the total impact of risk occurrences
is aggregated with the initial projected time and cost, providing a comprehensive projection of the
project's potential trajectory.

T, =T+ RI] 2)
i

C,=C+) RIf 3)
/

1 = {The risks in state k}

The estimated final time and cost of the project while considering the risks are obtained from
formulas (4) and (5).

ZWka
TR _ k=l

2 W
k=1

4)
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Zchk

Cp=ii 5)
27,
k=1

1 = {The risks in state k}

We devise and select an array of potential response strategies, denoted as (S, v =1, 2, m..., q).
Expert judgment is solicited to estimate the temporal (SI,") and financial (SI,°) requisites for the
execution of each strategy. At this juncture, we consider the strategy implementation effects into the
forecasting model. The anticipated project time and cost, factoring in the execution of strategies, are
computed using Equations (6) and (7).

T, =T+ZSJ{+ZZR1§ +ZRIyT 6)
v v X y

C, =C+ZS1$ +ZZR]f +ZR1§ %
v vV X y

To summarize, the final projected time and cost for the project, considering the entirety of risks
and strategies, are obtained using Equations (8) and (9), ensuring a holistic and data-driven forecast.

ZWka
_ k=l

T, = 3

Co="p— ©)

3) Conclusion

The research underscores the significance of acknowledging risk interdependencies. This recognition
not only yields more precise calculations but also engenders more realistic project timelines and budget
forecasts. It enhances the management of pivotal risks and curtails overall project duration and expenses.
Also, by using the concept of classification, it is possible to cover different situations and conditions of
the project and consider all possible situations of risk occurrence. In this research, the method of using
the concept of classification in project time and cost estimation has been explained, and the findings
show that using the concept of classification increases the accuracy of project time and cost prediction.
The study also reveals that neglecting the risk assessment process can lead to substantial
underestimations 44.73% in project duration and 31.13% in project costs. Conversely, the
implementation of a risk response process can trim project time by 9.66% and costs by 15.14%, relative
to just performing risk assessment.
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