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Abstract 
 

Climate and weather - related hazards pose significant challenges to infrastructure project implementation in 
Leyte Province, Philippines, where typhoons, heavy rainfall, flooding, landslides, and coastal hazards can 
disrupt construction activities and affec t project performance. This study aimed to identify, assess, and prioritize 
climate and weather - related risks affecting public infrastructure projects in Leyte Province and to determine 
their effects on project time, cost, quality, and safety. A three - roun d Delphi study was conducted with 18 
infrastructure professionals, all of whom participated in each round. Round 1 focused on risk identification, 
while Rounds 2 and 3 assessed and validated the frequency and severity of the identified risks using a five -
point Likert scale. Frequency Index, Severity Index, and Importance Index were used to assess and prioritize 
the risks, while Pareto Analysis was applied to determine their cumulative contribution to the overall risk 
profile. The Kruskal –Wallis  test was used to examine differences in expert assessments across selected 
respondent characteristics. The study identified 49 climate and weather - related risks grouped into seven 
themes. The three highest - ranked risks were disruption of project logistics  and material delivery during 
typhoon events (II = 0.693), delay or suspension of construction activities due to typhoon events (II = 0.667), and 
storm surge impacts on coastal infrastructure (II = 0.604). The TCQS assessment showed that these risks had 
varying effects on project performance, with logistics disruption having its strongest effects on cost and quality, 
while typhoon - related work suspension had its strongest effects on time and safety. Overall, the findings 
demonstrate that climate and weather - related risks should be explicitly considered in public infrastructure 
planning and construction management in Leyte Province, particularly in prioritizing risks and developing 
measures to minimize their effects on project performance.  
 

Keywords: Climate and Weather - Related Risks; Infrastructure Projects; Delphi Method; Importance Index; 
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INTRODUCTION 

 
Climate and weather - related hazards pose 
significant challenges to infrastructure 
construction because they can interrupt 
activities, damage materials and facilities, 
reduce productivity, and affect project time, 
cost, quality, and safety. Schuldt et al . (2021) 
found that adverse weather is a recurring cause 
of construction delays, while Dong  et al. (2025) 
showed that weather conditions can affect time, 
cost, and quality in construction projects. These 

findings indicate that climate and weather -
related hazards should be considered as 
project risks rather than only as environmental 
conditions.  
 
The Philippines is highly exposed to these 
hazards. Philippine Atmospheric, Geophysical 
and Astronomical Services Administration 
[PAGASA ] (2026) reports that approximately 20 
tropical cyclones enter the Philippine Area of 
Responsibility each year, bringing strong winds 
and heavy rainfall that may result in flooding, 
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landslides, and storm surges. The Philippine 
Statistics Authority (2025) also reported 225 
small - scale natural hazards nationwide in 
2024. These hazards can cause disruptions to 
infrastructure projects, particularly in areas 
that experience repeated exposu re to extreme 
weather.  
 
Leyte Province is particularly vulnerable 
because of its coastal areas, river systems, and 
mountainous terrain. Previous studies have 
documented the effects of natural hazards on 
Philippine infrastructure. Adarne  et al. (2023) 
examined the impacts of natural hazards on 
road infrastructure in the Philippines, while 
Hong et al. (2022) documented changes in 
extreme precipitation in the country. These 
studies provide important evidence of hazard 
exposure and infrastru cture vulnerability. 
However, there is limited local research that 
brings together the different climate and 
weather - related risks affecting infrastructure 
construction in Leyte and systematically 
determines their relative importance based on 
the assessmen t of infrastructure professionals. 
There is also a need to examine how these risks 
affect the major project - performance 
dimensions of time, cost, quality, and safety.  
 
This study aimed to identify, assess, and 
prioritize climate and weather - related risks 
affecting public infrastructure projects in Leyte 
Province and determine their effects on project 
time, cost, quality, and safety (TCQS). 
Specifically, it sought to: (1)  identify the climate 
and weather - related risks affecting 
infrastructure projects; (2) assess their 
frequency and severity based on expert 
assessment; (3) prioritize the risks using the 
Frequency Index, Severity Index, Importance 
Index, and Pareto Analysis ; (4) examine 
differences in expert assessments using the 
Kruskal –Wallis test; and (5) assess the effects 
of the priority risks on TCQS. The study provides 
a localized risk profile that can be used by 
DPWH district offices, LGUs, contractors, 
consultants, and other infrastructure 
stakeholders to identify priority risks and guide 
appropriate risk - management measures 
during project planning and implementation.  

 
 
LITERATURE REVIEW 

 
Climate and weather - related hazards are 
important sources of risk in construction 
because many activities are directly exposed to 
environmental conditions. Adverse weather can 
interrupt construction work, reduce 
productivity, damage materials and equipment , 
restrict site access, and increase project costs. 
Schuldt et al . (2021) identified adverse weather, 
particularly precipitation, extreme 
temperatures, and high winds, as important 
contributors to construction delays. Dong  et al. 
(2025) further reported that weather conditions 
can influence project time, cost, quality, and 
safety.  
 
The risks associated with climate and weather 
are particularly relevant in the Philippine 
setting. Adarne  et al. (2023) examined the 
effects of natural hazards on Philippine 
infrastructure and emphasized the vulnerability 
of infrastructure to hazard events. Hong et al. 
(2022) documented extreme precipitation 
conditions in the Philippines, supporting the 
consi deration of heavy rainfall and flooding in 
infrastructure risk assessment. Agar (2023) 
also discussed climate - related risks relevant to 
infrastructure and construction, with particular  
focus on  the potential effects of changing 
environmental conditions on project 
implementation.  
 
Other studies provide a basis for considering 
specific hazards affecting construction. Lyu et 
al. (2024) examined the implications of extreme 
weather conditions for construction activities 
and worker - related concerns. Pulhin et al . 
(2022) emphasized the importance of climate 
adaptation and resilience in reducing 
vulnerability to climate - related hazards. For 
infrastructure exposed to coastal conditions, 
Atienza and Hipolito (2010) discussed the 
implications of coastal hazards and th eir 
potential effects on infrastructure. Reyes (2025, 
2026) further addressed climate - related 
concerns relevant to construction and 
infrastructure performance.  
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Climate -  and weather - related hazards affect 
construction directly through physical damage 
and indirectly through work stoppages, access 
restrictions, delivery disruptions, and 
productivity losses. Because one hazard may 
affect several project - performance 
dimensions, an integrated risk assessment is 
necessary.  
 
Risk Assessment and Delphi Method. 
Construction risk assessment involves 
identifying potential risks and evaluating their 
likelihood and consequences to determine their 
relative importance. Because the occurrence 
and effects of climate - related hazards may vary 
according to geographical and project 
conditions, expert judgment can provide 
important contextual information. Hallowell and 
Gambatese (2010) demonstrated the usefulness 
of structured expert judgment in construction 
research, particularly for complex issues 
where empirical information  may be limited.  
 
The Delphi method provides a structured 
approach for obtaining expert judgments 
through successive rounds of assessment. 
Sourani and Sohail (2015) discussed the 
application of Delphi in construction 
management research for addressing complex 
issues requiri ng informed professional 
judgment. In the present study, the method 
provides an appropriate means of combining 
findings from previous literature with the 
practical experience of infrastructure 
professionals working within the local context.  
 
Basis of the Initial Risk Inventory. The literature 
reviewed in this study served as the basis for 
identifying the initial 31 climate and weather -
related risks. These risks were derived from 
Adarne et al. (2023), Agar (2023), Lyu et al. 
(2024), Hong et al. (2022), Reyes (2025, 2026), 
Atienza and Hipolito (2010), and Pulhin et al . 
(2022). The literature provided coverage of risks 
associated with typhoons and strong winds, 
heavy rainfall and flooding, landslides and soil 
movement, extreme heat and drought, coastal 

and sea - level - rise hazards, and related 
construction and management concerns.  
 
The literature - based inventory provides a broad 
starting point for examining risks relevant to 
infrastructure construction. However, the 
occurrence and perceived importance of these 
risks may differ according to local conditions 
and professional experience . Thus, the 
literature - derived risks were subjected to 
expert assessment through the Delphi process 
to establish their relevance within the context 
of infrastructure projects in Leyte.  
 
Research Gap. Previous studies have 
established the effects of climate and weather -
related hazards on construction and 
infrastructure. However, much of the existing 
literature addresses individual hazards or 
specific project impacts, with limited attention 
to the inte grated prioritization of multiple 
climate and weather - related risks within a 
localized infrastructure context. In particular, 
there  is limited evidence establishing the 
relative importance of these risks from 
infrastructure professionals in Leyte Province.  
 
The present study addresses this gap by 
combining literature - based risk identification, 
expert assessment through a three - round 
Delphi process, and quantitative risk 
prioritization. It further examines the 
implications of the identified priority risks for 
time, cost, quality, and safety (TCQS). This 
provides a localized basis for understanding 
which climate and weather - related risks 
require greater attention in infrastructure 
project planning and management in Leyte.  
 
METHODOLOGY 

 
Research Design. This study employed a three -
round Delphi method to systematically examine 
climate -  and weather - related risks affecting 
infrastructure projects in Leyte Province, 
Philippines. The method was selected for its 
structured approach to eliciting and refining 
exp ert judgments through successive rounds of 
assessment and feedback, making it suitable 
for investigating complex, context - specific 
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construction risks (Hallowell & Gambatese, 
2010). 
 

 
 

 
Figure 1  
Research Framework of the Study  

The research process involved four main 
stages: literature - based risk identification and 
expert review in Round 1; quantitative risk 
assessment in Round 2; reassessment and 
consensus determination in Round 3; and 
subsequent risk prioritization and comparat ive 
analysis.  
 
Expert Selection and Qualification. A purposive 
sampling approach was used to select 
infrastructure professionals with relevant 
knowledge and experience in infrastructure 
planning, design, construction, supervision, and 
implementation in Leyte Province. Twenty -
seven (27) experts were initial ly invited to 
participate. To ensure sufficient professional 
exposure to infrastructure and climate -  and 
weather - related risks, participants were 
required to have at least 10 years of relevant 
professional experience and direct involvement 
in infrastructur e projects.  
 
Following the screening process, 18 experts 
qualified and participated in all the Delphi 
rounds. The remaining invited professionals 
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either did not meet the minimum experience 
requirement, were unavailable to participate, or 
did not continue with the succeeding rounds. 
The final panel of 18 experts was considered 
adequate for a Delphi study. Hallowell and 
Gambatese (2010) reported that construction 
engineering and management Delphi studies 
commonly use relatively small expert panels 
and suggested a minimum of eight experts, with 
panel size determined by the nature of the 
research and availability of qualified experts.  
The experts were drawn from relevant sectors 
involved in infrastructure development, 
including government agencies, local 
government units, consulting, contracting, and 
academia. The resulting panel provided 
professional perspectives from different stages 
of infrastructure project planning and 
implementation.  
 
Literature-Based Risk Identification. A review of 
relevant literature was conducted to establish 
the initial inventory of climate -  and weather -
related risks affecting infrastructure projects. 
Thirty - one (31) risks were identified from the 
literature and served as the initial risk list for 
Delp hi Round 1.  
 
The sources used to establish the 31 literature -
derived risks included Adarne et al. (2023), Agar 
(2023), Lyu et al. (2024), Hong et al. (2022), 
Reyes (2025, 2026), Atienza and Hipolito (2010), 
and Pulhin et al . (2022). The identified risks 
were organized into seven broad themes 
covering typhoon and strong wind, heavy 
rainfall and flooding, landslides and soil 
movement, extreme heat and drought, coastal 
and sea - level rise, risk management and 
policy - related gaps , and community and social 
adaptation - related risks.  
 
The literature review therefore provided the 
initial risk pool for the Delphi process, while 
allowing the expert panel to identify risks that 
may not have been captured by previous 
studies.  
 
Delphi Round 1: Risk Review and Identification. 

Delphi Round 1 was conducted using a blank, 
open- ended questionnaire to allow the experts 

to independently identify climate -  and weather -
related risks affecting infrastructure projects in 
Leyte Province. The experts were not provided 
with the literature - derived risk list, allowing 
responses to be based on their professional 
experience, knowledg e, and observations.  
 
The responses were analyzed through thematic 
analysis following Braun and Clarke (2006). 
Similar or overlapping risk statements were 
coded and consolidated, while distinct and 
relevant risk concepts were retained. The 
expert - identified risks were then comb ined 
with the 31 risks identified from the literature 
review to establish the consolidated risk 
inventory for the succeeding Delphi rounds.  
 
Delphi Round 2: Quantitative Risk Assessment. 

In Round 2, the consolidated list of risks was 
presented to the experts for quantitative 
assessment. Each risk was evaluated according 
to its frequency of occurrence and 
severity/level of impact using a five - point Likert 
scale.  
 
For frequency, the scale ranged from 1 = Very 
Unlikely to 5 = Very Likely. For severity, the scale 
ranged from 1 = Very Low to 5 = Very High. The 
ratings obtained from the experts were used to 
calculate the Frequency Index (FI), Severity 
Index (SI), and Im portance Index (II).  
 
The use of successive quantitative assessments 
allowed the experts to evaluate the identified 
risks using a common rating framework while 
maintaining the iterative nature of the Delphi 
process.  
 
Delphi Round 3 and Consensus Assessment. 
During Round 3, the experts were provided with 
summarized results from Round 2 and were 
given an opportunity to review and revise their 
previous ratings. This process was intended to 
promote convergence of expert judgment 
before establishing the final ra tings.  
 
Consensus was assessed using the 
Interquartile Range (IQR), calculated as:  
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where 𝑄1is the first quartile and 𝑄3is the third 
quartile of the expert ratings. An IQR  of ≤1 was 
adopted as the criterion for consensus. This 
criterion is consistent with the approach used 
by Kirschbaum et al. (2019), who adopted IQR  ≤1 
as an indicator of consensus for expert ratings 
using a five - point scale. The authors also noted 
that Delphi studies do not have a universally 
accepted consensus criterion and that different 
studies use different measures and thresholds.  
 
Risk Index Calculation and Prioritization. 

Following the Delphi assessment, the risks 
were prioritized using the Frequency Index (FI), 
Severity Index (SI), and Importance Index (II).  
The Frequency Index was calculated as:  
 

𝐹𝐼 =
∑(𝑎 × 𝑛)

𝐴 × 𝑁
 

 

where 𝑎 is the rating assigned, 𝑛 is the number 
of experts giving the rating, 𝐴 is the highest 
possible rating, and 𝑁 is the total number of 
respondents.  
The Severity Index was calculated using the 
same formulation:  
 

𝑆𝐼 =
∑(𝑎 × 𝑛)

𝐴 × 𝑁
 

 

The Importance Index was then calculated as:  
 

𝐼𝐼 = 𝐹𝐼 × 𝑆𝐼 
 

The resulting II values were used to rank the 
identified risks, with higher values representing 
greater overall importance.  
 
Table 1 
Importance Index Classification  

 
 
The classification follows the five - level 
prioritization approach applied in related 
construction risk research, including the work 

of Fashina et al. (2021) and Boakye et al. (2023). 
The classification was applied consistently to 
the final Importance Index values.  
 
Pareto Analysis. Pareto Analysis was applied to 
the Importance Index results to identify the 
risks contributing most substantially to the 
overall risk profile. The analysis was based on 
the cumulative contribution of the ranked risk 
items and the 80/20 principle, which is 
commonly used to identify a relatively small 
number of factors responsible for a substantial 
proportion of an overall effect.  
 
Comparative Statistical Analysis. The Kruskal –
Wallis H test was used to determine whether 
statistically significant differences existed in 
the experts' risk assessments across the 
demographic and professional groups 
examined in the study. The test was selected as 
a non - parametric method ap propriate for 
comparing independent groups where the data 
are ordinal or do not satisfy the assumptions of 
parametric tests (Kruskal & Wallis, 1952).  
 
The statistical analysis was performed using 
RStudio. The significance level was set at α = 
0.05. A p - value below 0.05 was interpreted as 
evidence of a statistically significant difference 
among the groups.  
 
The specific demographic and professional 
variables tested were those collected through 
the expert questionnaire and subsequently 
reported in the Results and Discussion.  
 
TCQS Impact Assessment. The effects of the 
priority risks on infrastructure project 
performance were assessed using the Time -
Cost - Quality - Safety (TCQS) framework. The 
experts assessed the effects of the priority 
risks on four project - performance dimensions: 
project time, project cost, construction quality, 
and worker safety.  
 
Each dimension was evaluated using a five -
point Likert scale ranging from 1 = Very Low 
Impact to 5 = Very High Impact. The 
assessments were used to determine which 
aspects of project performance were most 
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affected by the prioritized climate -  and 
weather - related risks.  
 
Ethical Considerations. The study was 
conducted in accordance with the applicable 
institutional research ethics requirements. 
Ethics clearance was granted by the 
Polytechnic University of the Philippines Open 
University System University Research Ethics 
Committee (PUP OUS USREC),  under Ethics 
Clearance No. 0226 - 0098. 
 
Before participation, all experts were informed 
of the purpose and procedures of the study and 
provided informed consent. Participation was 
voluntary, and respondents could withdraw 
from the study without penalty. Expert identities 
and individual responses  were treated 
confidentially, and results were reported in 
aggregated form. The information collected was 
used solely for research purposes.  
 
 
 
 
RESULTS AND DISCUSSION 

 
This section presents the findings of the Delphi -
based evaluation of climate and weather -
related risks affecting publicly funded 
infrastructure projects in Leyte Province. The 
discussion includes the profile of the expert 
respondents, the prioritization of  identified 
risks using the Delphi Method and Importance 
Index, and the effects of the highest - priority 
risks on project performance. These findings 
provide localized evidence of the climate -
related challenges encountered during 
infrastructure construction  and establish the 
basis for prioritizing risk management efforts.  
 
Profile of the Delphi Expert Respondents. A total 
of 18 experts participated in the Delphi process. 
As presented in Table 2, the respondents 
represented diverse age groups, educational 
backgrounds, organizational sectors, 
professional expertise, and levels of 
involvement in infrastructure projects . The 
number of experts was considered adequate for 
the Delphi process, exceeding the 8 –12 experts 

identified by Hallowell and Gambatese (2010) as 
a minimum range for Delphi involvement in 
construction engineering and management 
research. Thus, the 18 comp leted responses 
provided a sufficient expert panel for the 
present study . 
 
All 18 experts had at least 11 years of 
professional experience: 50.00% had 11 –15 
years, 22.22% had 16 –20 years, and 27.78% had 
more than 20 years. Their expertise covered 
multiple infrastructure sectors and project 
functions. Because multiple responses we re 
permitted, the results reflect overlapping 
professional specializations and 
responsibilities. This multidisciplinary 
experience provided a relevant basis for 
evaluating climate -  and weather - related risks 
in Leyte.  
 
 
 
 
 
 
 
Table 2  
Profile of Delphi Expert Respondents  
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Note. Multiple responses were permitted for the categories 
“Sector/Type of Organization,” “Primary Areas of Expertise,” and 
“Nature of Involvement in Infrastructure Projects.” Therefore, the 
total frequencies and percentages for these categories may 
exceed the total number of respondents (n = 18) and may not sum 
to 100%. Percentages were calculated using the total number of 
respondents (n = 18) as the denominator.  

 
Identification, Assessment, and Prioritization of 

Climate and Weather-Related Risks. The three 
Delphi rounds yielded a final inventory of 49 
climate -  and weather - related risks affecting 
publicly funded infrastructure projects in Leyte 
Province. The risks were grouped into seven 
themes: typhoon - related risks; heavy rainfall 
and flooding; la ndslides and soil movement; 
extreme heat and drought; coastal and sea -
level rise hazards; risk management and policy -
related gaps; and community and social 
adaptation. Table 3 presents the Frequency 
Index (FI), Severity Index (SI), Importance Index 
(II), a nd corresponding rankings used to 
establish the relative priority of each risk.  
The final inventory comprised 49 consolidated 
climate -  and weather - related risks, of which 31 

were derived from the literature review, and 18 
emerged exclusively from the Delphi Round 1 
expert responses. The expert - originated risks 
were coded A6, A7, B6, B7, C5, C6, C7, C8, D5, D6, 
E5, E6, E7, F7, F8, G4, G5, and G6. Similar or 
overlapping response s were consolidated into 
common risk statements, while distinct risk 
concepts were retained to minimize duplication 
and preserve relevant risk factors. The 
result ing inventory underwent quantitative 
assessment in Delphi Round 2 and consensus 
assessment in Round 3.  
 
As shown in Table 3, A6 -  disruption of project 

logistics and material delivery during typhoon 

events ranked first (II = 0.693), followed by A2 -  

delay or suspension of construction activities 

due to typhoon events (II = 0.667) and E1 -  storm 

surge impacts  on coastal infrastructure (II = 

0.604). These results indicate that the panel 

considered typhoon - related disruptions and 

coastal hazards to be the most consequential 

risks to project implementation.  

 
Table 3  
Summary of Delphi Rounds 1, 2, and 3 Results: Frequency, 
Severity, Importance Index, and Priority Ranking of Climate 
and Weather - Related Risks  
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Note. Tied ranks are assigned to risks with identical Importance 
Index (II) values. Rankings are based on unrounded II values, 
while reported values are rounded to four decimal places; 
therefore, apparent ties may have different ranks when their 
underlying valu es differ.  

The high ranking of A6 and A2 is consistent with 
Schuldt et al . (2021), who identified precipitation, 
high winds, and other adverse weather 
conditions as major sources of construction 
delays, affecting task feasibility, productivity, 
materials, and project schedules. Similarly, 
Dong  et al. (2025) found that weather conditions 
can significantly influence construction time, 
cost, and quality. The present findings therefore 
reinforce previous evidence that weather -
related risks affect construction not only 
through physical damage but al so through 
interruption of activities and disruption of 
project logistics.  
 
The results also highlight risks beyond direct 
weather hazards. F6  -  insufficient funding for 
adaptation measures ranked fourth (II = 0.596), 
while G1  -  low community awareness of 
climate - related construction hazards ranked 
fifth (II = 0.587). This suggests that experts view 
institutional capacity and community 
preparedness as important components of 
climate - risk management. This is consistent 
with Pulhin et al . (2022), who emphasized the 
importance of resources, risk assessment, 
adaptation, and institutional capacity in 
strengthening climate responsiveness in the 
Philippine context.  
 
The Round 3 Delphi results showed varying 
levels of consensus across the risk 
classifications, based on the predefined 
criterion of an interquartile range (IQR) of ≤ 1. 
High - priority risks generally achieved 
consensus among the experts. The majority of  
moderate - priority risks also met the consensus 
criterion, with only a small proportion failing to 
achieve consensus, primarily those ranked 30th 
to 37th, whose Importance Index values were 
near the lower boundary of the moderate 
classification. In contras t, most low - priority 
risks exhibited IQR values greater than 1. This 
pattern is consistent with the purpose of the 
Delphi method, which is to assess the extent of 
agreement among experts through iterative 
assessment and feedback (Hallowell & 
Gambatese, 201 0; Sourani & Sohail, 2015). 
Overall, the findings indicate that expert 
agreement was generally maintained for high -  
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and moderate - priority risks, although greater 
variability was observed in assessments of 
risks with relatively lower Importance Index 
values.  
 
Although G2 and A6 both relate to 
transportation and logistics disruptions, they 
differ in scope. A6 specifically concerns 
disruptions to project logistics and material 
delivery during typhoon events, whereas G2 
addresses broader transportation and logisti cs 
constraints affecting communities surrounding 

project 
areas. 
This 

distinction supports their separate 
classification in the risk inventory.  
 
Pareto Analysis of Climate and Weather-Related 

Risks. Pareto analysis was conducted to 
determine the cumulative contribution of the 49 
identified climate -  and weather - related risks 
based on their Importance Index (II). The risks 
were arranged in descending order of II, and the 
cumulative percentage was calc ulated by 
dividing the cumulative sum of the ranked II 
values by the total sum of the II values for all 49 
risks and multiplying by 100. The 80% threshold 
was used to identify the number of risks 
accounting for approximately 80% of the total 

Importance Ind ex. The results of this analysis 
are presented in Figure 2.  
 

 

Figure 2  
Pareto Analysis of Climate -  and Weather - Related Risks 
Based on Importance Index  

 
The Pareto distribution indicates that climate 
and weather - related risks in infrastructure 
projects in Leyte are not concentrated in only a 
few individual risks. Instead, a relatively broad 
group of risks contributes substantially to the 
overall risk impor tance. This finding is 
consistent with Schuldt et al . (2021), who 
reported that adverse weather can affect 
construction through multiple pathways, 
including work activities, productivity, 
materials, labor, equipment, and project 
schedules. Similarly, Dong  et al. (2025) found 
that weather conditions can influence several 

Note. χ² = Kruskal –Wallis test statistic. Statistical significance was set at α = 0.05. No statistically significant differences were observed 

across all demographic and professional characteristics (all p > 0.05).  

Table 4  
Comparative Assessment of the Frequency of Occurrence of Climate and Weather - Related Risks According to Respondents' 
Demographic and Professional Characteristics  

 

Note. χ² = Kruskal –Wallis test statistic. Statistical significance was set at α = 0.05. A statistically significant difference was observed for 
Landslides and Soil Movement Risks according to Sector/Type of Organization ( χ² = 9.649, p = 0.022). All other compar isons were not 
statistically significant (p > 0.05).  

 

Table 5  
Comparative Assessment of the Level of Impact of Climate -  and Weather - Related Risks According to  Respondents’ 
Demographic and Professional Characteristics  
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dimensions of construction performance, 
particularly project time, cost, and quality. The 
present findings extend these studies by 
demonstrating that the perceived climate -
related risk exposure in the Leyte 
infrastructure context is distributed across 
nume rous risk factors rather than being limited 
to a small number of dominant hazards.  The fact 
that 37 risks are required to reach the 80% 
threshold also has practical implications for 
risk management.  
While the highest - ranked risks in Table 3 should 
receive greater attention during planning and 
implementation, the lower - ranked risks should 
not be completely excluded from monitoring 
and contingency planning. This is particularly 
important because climate - related risks can 
interact with one another.  
 
For example, a typhoon may simultaneously 
disrupt logistics, suspend construction 
activities, restrict access, and create 
community - related concerns. Pulhin et al . 
(2022) similarly emphasized that climate 
responsiveness requires consideration of 
interconnected risks, adaptation measures, 
institutional capacity, and integrated planning.  
The Pareto results support a tiered approach: 
prioritize higher - ranked risks for mitigation and 
resource allocation while retaining the 
remaining risks in monitoring and contingency 
plans.  
 
Comparative Assessment. The Kruskal –Wallis  
test was conducted to determine whether the 
experts’ assessments differed according to 
their demographic and professional 
characteristics in terms of the frequency of 
occurrence and level of impact of the identified 
climate -  and weather - related risks. The  results 
are presented in Tables 4 and 5, respectively.  
As shown in Table 4, no statistically significant 
differences were found in the perceived 
frequency of the risks, with all p - values 
exceeding 0.05. This indicates that the experts 
generally shared similar views regarding how 
frequently climate -  and weather - related risks 
occur, regardless of their demographic and 
professional characteristics. This consistency is 
relevant to construction projects because, 

according to Schuldt et al . (2021), adverse 
weather conditions such as precipitation, 
extreme temperatures, and high winds can 
affect construction activities, productivity, and 
project schedules across different project 
contexts.  
 
Most comparisons of perceived impact were 
likewise not statistically significant (Table 5). 
However, a significant difference was found for 
Landslides and Soil Movement Risks according 
to Sector/Type of Organization (H = 9.649, df = 3, 
p = 0.022). This sug gests that professionals from 
different sectors may perceive the 
consequences of landslide - related risks 
differently, possibly because of differences in 
responsibilities and exposure to project 
conditions. According to Cordero et al. (2025), 
landslide risk  in the Philippines is highly site -
specific and is better understood by considering 
local conditions, exposure, vulnerability, and the 
perspectives of different stakeholders.  
 
This finding supports the importance of 
incorporating cross - sector perspectives in 
assessing landslide risks. It also complements 
the broader climate - risk perspective of Pulhin 
et al . (2022), who emphasized integrated 
planning, interconnected risks, and multi -
stakeholder collaboration in strengthening 
climate responsiveness in the Philippines.  
 
The generally non - significant results indicate a 
substantial level of agreement among the 
experts, while the significant difference for 
landslide risks highlights an area where sector -
specific experience and responsibilities may 
influence risk perception . 
 
The degrees of freedom (df) reported in Tables 
4 and 5 vary according to the number of 
categories under each respondent 
characteristic. Academic background, number 
of published research outputs, and total years 
of professional experience in infrastructure 
projects each have 2 degrees of freedom, 
corresponding to three groups. Age group and 
sector/type of organization have 3  degrees of 
freedom, while primary area of expertise and 
nature and involvement in projects have 8 and 6 
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degrees of freedom, respectively. These 
degrees of freedom are consistent with the 
number of groups compared in the Kruskal –
Wallis tests and apply to the frequency and 
impact assessments presented in Tables 4 and 
5. 
 
Effects on Project Time, Cost, Quality, and 

Safety. The climate -  and weather - related risks 
identified through the Delphi process were 
further assessed in terms of their perceived 
effects on project time, cost, construction 
quality, and worker safety (TCQS). This 
assessment provided a more detailed 
understan ding of how the prioritized risks may 
affect project performance beyond their overall 
Importance Index. The results are presented 
according to risk priority, with Figure 3 showing 
the high - priority risks and Figures 4a –4c 
presenting the moderate - priority r isks.  
 
As shown in Figure 3, the three high - priority 
risks exhibited different patterns of impact 
across the TCQS dimensions. A6 - disruption of 
project logistics and material delivery during 
typhoon events  recorded a mean Level of 
Impact of 4.33, with the highest effects on cost 
and construction quality, both at 4.89, followed 
by safety at 4.28 and time at 3.44. A2 —delay or 
suspension of construction activities due to 
typhoon events  showed particularly high effects 
on project time and worker safety, both with 
mean scores of 4.78. Meanwhile, E1 - storm 
surge impacts on coastal infrastructure -
exhibited relatively balanced effects across the 
four dimensions, with scores close to 4.00. 
These findings suggest that high - priority 
climate - related risks can affect different 
aspects of project performance through distinct 
pathways.  
 

 

Figure 3  
TCQS Scores and Mean Level of Impact of High - Priority 
Climate and Weather - Related Risks  

 
These results are consistent with Schuldt et al . 
(2021), who discussed how adverse weather 
conditions can disrupt construction activities, 
productivity, labor, equipment, and material 
supply. Similarly, Dong  et al. (2025) highlighted 
the influence of weather conditions on 
construction time, cost, and quality. The present 
findings illustrate these interconnected effects, 
particularly for typhoon - related logistics 
disruptions and work stoppages.  
 

Figure 4a  
TCQS Scores and Mean Level of Impact of Moderate -
Priority Climate and Weather - Related Risks (Ranks 4 –14) 

 

 
Figure 4b  
TCQS Scores and Mean Level of Impact of Moderate -
Priority Climate and Weather - Related Risks (Ranks 15 - 25)  

 
 



___________________________________________________________________________________________ 
 

 

95  

Technologique | 2026, Vol. 9, No.1 | https://doi.org/10.62718/vmca.tech-gjtdsi.9.1.SC-0826-015 

 

 
Figure 4c  
TCQS Scores and Mean Level of Impact of Moderate -
Priority Climate and Weather - Related Risks (Ranks 26 - 36) 

 
Figures 4a - 4c present the TCQS scores and 
mean Level of Impact for the moderate - priority 
risks. Although these risks have lower 
Importance Index values than the high - priority 
risks, several exhibit substantial effects on 
specific project performance dimensions. In 
Fi gure 4a, E2 - saltwater - induced corrosion of 
construction materials - recorded high mean 
scores for cost (4.83) and quality (4.94), with an 
overall Level of Impact of 4.06. G1 also showed 
contrasting results, with comparatively low 
time and cost scores but high quality and safety 
scores. These patterns indicate that the over all 
priority of a risk does not necessarily reflect the 
magnitude of its effect on every TCQS 
dimension.  
 
Figure 4b shows that E3 and G6 recorded mean 
Levels of Impact of 3.78 and 3.76, respectively. 
Other risks in this group also exhibited 
differences across the TCQS dimensions. For 
example, F2 had high quality (4.72) and safety 
(4.61) scores, whereas A3 show ed relatively 
high cost (4.17) and quality (4.28) scores. Figure 
4c presents the remaining moderate - priority 
risks, with mean Levels of Impact ranging from 
3.17 to 3.67. Within this group, B7 recorded a 
relatively high time score (4.56) and safety 
score (4 .50), while E5 showed high time (4.17) 
and safety (4.33) scores but a lower quality 
score (2.44). These variations demonstrate that 
moderate - priority risks can have different 
implications for individual aspects of 
construction project performance.  
 

The findings align with Schuldt et al . (2021) and 
Dong  et al. (2025), who discussed the effects of 
adverse weather on construction activities and 
project performance. They also support Pulhin 
et al . (2022) on the importance of integrated 
planning and coordination for climate 
responsiveness.  
 
For a consolidated numerical comparison, Table 
6 presents the mean TCQS scores and 
corresponding Level of Impact for the high -  and 
moderate - priority risks. The table 
complements Figures 3 and 4a –4c by providing 
the numerical results underlying the graphical 
comparisons and facilitating comparison 
across the four project performance 
dimensions.  
 
Overall, Figures 3 and 4a –4c and Table 6 
demonstrate the value of examining climate -  
and weather - related risks through both their 
overall priority and their specific TCQS effects. 
High - priority risks warrant focused mitigation 
because of their substantial overall 
significance, while moderate - priority risks 
should not be disregarded when they exhibit 
high effects on particular performance  
dimensions. Integrating risk rankings with TCQS 
assessments can support more targeted 
planning, resource allocation, quality 
management, and safety measures for 
infrastructure projects in Leyte.  
 
 
 
 
 
 
Table 6  
Mean TCQS Scores and Level of Impact of High -  and 
Moderate - Priority Climate -  and Weather - Related Risks  



___________________________________________________________________________________________ 
 

 

96  

Technologique | 2026, Vol. 9, No.1 | https://doi.org/10.62718/vmca.tech-gjtdsi.9.1.SC-0826-015 

 

 

 
Note. TCQS scores are mean expert ratings. The Level of Impact 
values are reported from Delphi Round 3. Risk ranks follow the 
Importance Index ranking in Table 3; tied ranks are retained where 
applicable. Values are rounded to two decimal places.  

 
Conclusion. This study evaluated climate -  and 
weather - related risks affecting publicly funded 
infrastructure projects in Leyte Province using 
a three - round Delphi Method. The process 
yielded a final inventory of 49 risks grouped into 
seven thematic categories, reflect ing the 
environmental, operational, institutional, and 
community - related challenges encountered in 
infrastructure project implementation. By 
integrating literature - derived risks with expert 
knowledge, the study established a localized 
risk inventory reflec ting both existing research 
and the specific context of infrastructure 
construction in Leyte.  

 
The findings identified typhoon - related risks 
among the most critical concerns, particularly 
the disruption of project logistics and material 
delivery during typhoon events, delay or 
suspension of construction activities, and storm 
surge impacts on coastal  infrastructure. These 
risks can affect project implementation through 
disruptions to transportation, construction 
schedules, material supply, and site 
accessibility. The Pareto analysis further 
showed that a substantial proportion of the 
identified risks contributed to the overall risk 
profile, highlighting the need to consider risks 
beyond those with the highest rankings.  
 
The TCQS assessment revealed that the 
identified risks were perceived by experts to 
have varying effects on project time, cost, 
construction quality, and worker safety. High -
priority risks demonstrated substantial effects 
on specific project performance di mensions, 
while several moderate - priority risks also 
exhibited notable impacts. These findings 
emphasize the importance of considering the 
specific performance consequences of climate -  
and weather - related risks, rather than relying 
solely on their overall rankings, when 
developing construction management and 
adaptation measures.  
 
Limitations of the Study. This study has several 
limitations that should be considered when 
interpreting its findings. First, although the 
Delphi panel consisted of 18 experienced 
infrastructure professionals, the relatively 
small panel may limit the transferability of the 
findings  to other contexts. Second, the study 
focused exclusively on public infrastructure 
projects in Leyte Province, Philippines; 
therefore, the identified risks and their 
prioritization may differ in other provinces with 
different hazard exposures, infrastructu re 
characteristics, and institutional settings. Third, 
the assessment relied on expert judgments and 
perceptions rather than systematic validation 
against actual project records, such as 
documented construction delays, cost 
overruns, quality deficiencies, and safety 
incidents. Consequently, the Importance Index 
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rankings and TCQS assessments represent 
expert - based evaluations rather than 
empirically established measures of project 
performance. Finally, the detailed assessment 
of effects on project time, cost, quality, and 
safety was limited to selected priority ri sks. The 
TCQS findings therefore do not represent the 
effects of all 49 identified risks on the four 
project - performance dimensions. These 
limitations should be considered when applying 
the findings to other infrastructure projects or 
using them to guide risk - management 
decisions.  
 
Directions for Future Research. Future studies 
may validate the prioritized risks using actual 
project records, including documented delays, 
cost variations, quality issues, and safety 
incidents. Similar Delphi studies may also be 
conducted in other provinces in Eastern Visayas 
and other  climate - vulnerable regions of the 
Philippines to determine whether the identified 
risk priorities are consistent across locations. 
Further research may evaluate the 
effectiveness of specific climate adaptation and 
construction management measures and 
develop a climate -  and weather - related risk 
register or assessment tool that can be used by 
government agencies, contractors, and project 
managers in infrastructure planning and 
implementation. The findings provide a localized 
basis for prioritizing climate -  and weather -
related risks and informing mitigation planning 
for public infrastructure projects in Leyte . 
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