The Impact of Weather on Construction Project
Timelines: A Case Study in Riyadh City

Submitted by

Dr. Abdullah Attiah Alkharmany
Assistant Professor & Head of Business
Administration Department,

Arab East Colleges, Riyadh, Saudi Arabia.

DOI:
https://doi.org/10.21608/ijacfs.2025.413974

1)AEFS
International Journal of Administrative,
Economic
and Financial $ciences

Volume (4). Issue (12), January 2025
E-ISSN: 2812-6408 P-ISSN: 2812-6394
https://ijaefs.journals.ekb.eg/

Publisher

Association of Scientific Research Technology
and the Arts

https://srtaeg.org/



https://doi.org/10.21608/ijaefs.2025.413974
https://ijaefs.journals.ekb.eg/
https://srtaeg.org/




The Impact of Weather on Construction Project Timelines: A Case Study in Riyadh City

The Impact of Weather on Construction Project
Timelines: A Case Study in Riyadh City

Submitted by

Dr. Abdullah Attiah Alkharmany

Assistant Professor & Head of Business Administration Department,

Arab East Colleges, Riyadh, Saudi Arabia.

ABSTRACT

Weather conditions play a pivotal role in influencing
construction project timelines, particularly in regions
prone to extreme climatic variations. This study
investigates the intricate relationship between weather
patterns and project performance metrics in Riyadh
city, highlighting how temperature extremes,
precipitation, wind, and sandstorms impact
construction productivity, resource allocation, and

scheduling.

By analyzing data from 50 construction projects over a decade (2013—2023) and

incorporating qualitative insights from industry professionals, the research identifies

key weather-induced challenges and proposes actionable mitigation strategies. High

temperatures exceeding 45°C were found to reduce worker productivity by up to 35%,

while rare but heavy rainfall events caused delays in 15% of the analyzed projects due

to inadequate drainage infrastructure. Sandstorms, which disrupted 20% of projects,

necessitated frequent maintenance of equipment and protective measures. The study

emphasizes the critical role of advanced technologies such as Al-powered weather

forecasting, GIS tools, and innovative materials like heat-resistant coatings in enhancing
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resilience against weather-induced disruptions. The findings underscore the
importance of integrating localized weather data into construction planning to achieve
improved efficiency, cost savings, and sustainability. By addressing the unique
challenges posed by Riyadh's climate, this research contributes to global construction
management practices, offering insights applicable to arid and semi-arid regions

worldwide.

KEYWORDS Weather; Construction Project; Riyadh; Saudi Arabia; Project

Timelines.

1. Introduction:

Effective project management requires meticulous planning and execution within
specified timeframes and budgets. However, external factors, particularly weather
conditions, present considerable challenges to achieving these goals. In construction
projects, where precision, timing, and resources are critical, disruptions caused by
adverse weather can lead to costly delays, safety risks, and inefficiencies.

Riyadh, the capital city of Saudi Arabia, is an illustrative example of a region facing
extreme weather variability. Characterized by prolonged periods of intense heat,
periodic sandstorms, and infrequent but heavy rainfall, Riyadh’s weather presents
unique obstacles to construction managers. High temperatures, often exceeding 45°C
in summer, drastically reduce worker productivity, limit machinery efficiency, and pose
significant health hazards. Sandstorms, on the other hand, decrease visibility, damage
sensitive equipment, and interrupt supply chains. Meanwhile, heavy rains, although
rare, can cause flooding and structural instability, leading to further delays.

The economic implications of weather-related disruptions are profound. Studies

indicate that unplanned delays caused by weather can inflate project costs by up to
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20%, primarily due to extended labor hours, resource wastage, and equipment repairs
(Al-Humaidi et al., 2020). For regions like Riyadh, where rapid urbanization drives an
ongoing demand for large-scale infrastructure projects, these challenges are magnified.
Examples include the Riyadh Metro and King Abdullah Financial District, both of which
faced setbacks attributed to extreme weather events.

Addressing these challenges requires a comprehensive understanding of how weather
impacts construction workflows and outcomes. This study aims to fill existing gaps in
the literature by exploring the specific effects of Riyadh’s weather patterns on
construction timelines and providing actionable strategies for mitigation. By leveraging
advanced weather forecasting tools, sustainable construction practices, and adaptive
project management techniques, the findings offer practical insights for both local and
global construction industries.

The subsequent sections of this paper delve into the intricacies of weather impacts on
construction. The literature review examines existing research on weather-related
delays and mitigation strategies. The methodology outlines the mixed-methods
approach employed to analyze the relationship between weather and construction
performance in Riyadh. Results and discussion sections present key findings, followed

by a comprehensive conclusion and practical recommendations for stakeholders.

2. Literature Review

2.1 Weather and Construction Projects The influence of weather on construction
projects has been extensively documented in the academic and professional literature.
For instance, studies by Schuldt et al. (2021) demonstrate that up to 45% of global
construction projects experience delays directly linked to adverse weather conditions,

highlighting the significant financial and operational risks. Evseev et al. (2019) further
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underscore the importance of integrating weather forecasts into project management,
pointing out thatfailure to do so leads to resource misallocation and productivity losses.
Extreme heat, a notable concern in regions such as Riyadh, has been shown to reduce
workforce efficiency by up to 30% during peak summer months (Al-Humaidi et al,,
2020). Workers exposed to temperatures exceeding 40°C face increased risks of heat-
related illnesses, while equipment and materials are also prone to malfunction.
Prolonged exposure to high temperatures can accelerate the degradation of concrete

and other building materials, necessitating frequent maintenance and replacements.

2.2 Seasonal Patterns and Productivity Seasonal variations significantly influence
construction schedules. In Riyadh, the harsh summer climate forces many construction
firms to shift critical tasks to cooler months. Hamed et al. (2020) propose seasonal
scheduling as a mitigation strategy, aligning labor-intensive tasks with favorable
climatic conditions. Similarly, night-time construction, which is increasingly adopted in
arid regions, has proven effective in reducing heat exposure and enhancing worker
productivity.

Rainfall, although rare, poses substantial challenges. Heavy rains can cause delays in
excavation and foundation projects due to water pooling and soil instability (Yassin et
al, 2021). The unpredictability of rainfall events necessitates robust contingency
planning, including the use of advanced drainage systems and rapid water extraction

technologies.

2.3 Precipitation and Construction Delays While Riyadh experiences minimal rainfall,
even limited precipitation events can disrupt construction activities. Water pooling, soil
erosion, and material damage are common consequences. Studies by Yassin et al.

(2021) emphasize the importance of designing infrastructure with effective drainage
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systems to minimize water-related disruptions. Furthermore, real-time monitoring
systems can help project managers anticipate and respond to rainfall events more

effectively.

2.4 Wind and Sandstorms Sandstorms, prevalent in Riyadh, represent a unique
challenge to construction projects. Al-Fadly et al. (2022) document how sandstorms
reduce visibility, damage machinery, and necessitate frequent cleaning and
maintenance of sensitive equipment. Protective barriers, advanced filtration systems,
and weather-resistant coatings are recommended to mitigate the adverse effects of
sandstorms. These measures not only reduce downtime but also extend the lifespan of

construction machinery and materials.

2.5 Advances in Weather Forecasting for Construction Technological advancements
have revolutionized the integration of weather data into construction management.
Machine learning and big data analytics are increasingly employed to develop highly
localized weather forecasts, enabling project managers to make informed decisions
(Zhang et al., 2023). Automated scheduling tools that incorporate real-time weather
data have demonstrated significant improvements in project efficiency by allowing
dynamic adjustments to construction timelines.

Recent studies also explore the role of Geographic Information Systems (GIS) in
analyzing weather patterns and their spatial impacts on construction sites. GIS-based
tools provide visualizations of high-risk areas, facilitating proactive planning and

resource allocation.
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3. Methodology

The research adopts a mixed-methods approach, blending quantitative analysis and
qualitative insights to thoroughly investigate the impact of weather conditions on
construction project timelines in Riyadh. This methodology ensures a robust
understanding of both numerical data and contextual factors that contribute to

weather-induced disruptions.

3.1 Research Design The study employs an exploratory design to address gaps in
current knowledge on weather-related challenges in construction. Data were collected
from multiple sources to ensure comprehensiveness. A triangulation approach was
utilized, combining meteorological data, project timelines, and stakeholder interviews.

This method allows for a multi-dimensional analysis of the problem.

3.2 Data Collection Data collection was divided into three primary streams:

1. Meteorological Data: Weather records for the past decade (2013-2023) were
sourced from the Saudi National Center for Meteorology. Key variables
included daily temperature, precipitation levels, wind speeds, and the
frequency of sandstorms. These variables were selected based on their direct

impact on construction activities.

2. Project Records: Construction project timelines, budgets, and delay reports
were obtained from municipal authorities and leading contractors in Riyadh. A
total of 50 projects were analyzed, encompassing residential, commercial, and

infrastructure developments.

3. Interviews and Surveys: Semi-structured interviews were conducted with 20
project managers, engineers, and labor supervisors. Surveys were distributed
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to an additional 100 stakeholders, capturing their experiences and mitigation

strategies for weather-related disruptions.

3.3 Data Analysis Techniques

1. Quantitative Analysis:

(¢]

Statistical tools such as regression analysis were employed to identify
correlations between weather variables and project delays.
Descriptive statistics summarized the frequency and severity of
disruptions caused by each weather condition.

Predictive models were developed to estimate potential delays based

on historical weather patterns.

2. Qualitative Analysis:

O

Thematic analysis was applied to interview and survey responses to
uncover recurring themes, such as common challenges and successful
mitigation strategies.

Case studies of specific projects were used to illustrate the practical

implications of weather impacts.

3.4 Validation of Findings To ensure the reliability and validity of the results, the study

employed the following measures:

e Cross-Validation: Data from meteorological records were cross-referenced

with project timelines to confirm the accuracy of delay attributions.

» Peer Review: Draft findings were reviewed by construction industry experts

and meteorologists to validate the interpretations and recommendations.
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3.5 Ethical Considerations Ethical approval was obtained from relevant authorities.
All participants provided informed consent for interviews and surveys. Confidentiality
was maintained by anonymizing sensitive project data and personal identifiers.

This comprehensive methodology enables a holistic understanding of how weather
conditions influence construction project timelines in Riyadh. By combining
quantitative rigor with qualitative depth, the study provides actionable insights for

project managers and policymakers.

4, Results and Discussion

4.1 Key Findings The results of this study underscore the profound impact of weather
conditions on construction project timelines in Riyadh. Quantitative and qualitative
analyses reveal that temperature, precipitation, and wind speed are the primary factors
contributing to delays. Below are the detailed findings:

e Temperature-Related Delays: High temperatures were responsible for 35%
of observed project delays. These delays were predominantly due to reduced
worker productivity during peak summer months, which aligns with prior
studies indicating that temperatures exceeding 40°C significantly impair
performance. Additionally, equipment malfunctions increased under extreme

heat conditions, further exacerbating delays.

e Impact of Precipitation: Although Riyadh experiences limited rainfall
annually, the occurrence of heavy precipitation events led to significant delays
in 15% of the projects analyzed. Water pooling and soil instability during
excavation and foundation work were highlighted as key challenges. Projects
with inadequate drainage systems experienced longer disruptions,

emphasizing the need for improved infrastructure.
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e Wind and Sandstorms: Sandstorms disrupted 20% of projects, particularly
those involving outdoor assembly or transportation of materials. Reduced
visibility and damage to equipment were frequently reported by project

managers as critical concerns during sandstorm events.

4.2 Discussion The findings of this study have several implications for construction
project management in arid regions like Riyadh. Effective strategies for mitigating

weather-related delays must address both proactive planning and reactive responses.

4.2.1 Proactive Scheduling and Resource Allocation Proactive scheduling involves
aligning critical project tasks with favorable weather conditions. For instance, labor-
intensive activities can be scheduled during cooler months to enhance worker
productivity. Night-time construction can also be considered during summer months
to reduce heat exposure. The deployment of weather-resistant machinery and
materials is another essential strategy to minimize downtime during extreme

conditions.

4.2.2 Enhancing Infrastructure for Weather Resilience Projects with robust
drainage systems and flood control measures were less impacted by heavy rainfall.
Investing in advanced infrastructure, such as permeable pavements and water
management systems, can significantly reduce delays caused by precipitation.
Additionally, sandstorm barriers and protective covers for machinery and materials

have proven effective in minimizing disruptions.

4.2.3 Leveraging Technology Technological advancements play a crucial role in
mitigating weather-related challenges. Automated scheduling tools integrated with

real-time weather forecasting data enable dynamic adjustments to construction
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timelines. Geographic Information Systems (GIS) can help identify high-risk areas and
inform site-specific planning. Moreover, adopting smart materials, such as heat-

reflective coatings and self-healing concrete, can enhance project resilience.

4.2.4 Worker Training and Safety Protocols Training workers to adhere to safety
protocols during extreme weather conditions is essential to prevent accidents and
maintain productivity. Providing adequate personal protective equipment (PPE) and

creating shaded rest areas are additional measures to safeguard worker well-being.

4.2.5 Economic Implications The economic costs associated with weather-related
delays are substantial. Prolonged project timelines increase labor costs and resource
wastage, ultimately inflating overall project budgets. Mitigation strategies, while
requiring upfront investment, can yield significant long-term savings by reducing the

frequency and severity of disruptions.

4.2.6 Regional and Global Implications The challenges observed in Riyadh are not
unique; they mirror issues faced by construction industries in other arid and semi-arid
regions worldwide. Cities like Dubai, Cairo, and Doha share similar weather patterns,
making the findings of this study applicable to broader contexts. Sharing best practices
and lessons learned across these regions can foster innovation and improve resilience

against weather-induced challenges.

4.2.7 Case Studies and Practical Insights Case studies from recent projects provide
practical insights into effective mitigation strategies. For example:

e Riyadh Metro Project: This large-scale infrastructure project implemented

real-time weather monitoring systems to adjust schedules dynamically,

reducing delays during sandstorm events.
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e King Abdullah Financial District: Heat-resistant materials and cooling
systems were employed to ensure project continuity during extreme summer
temperatures. These measures resulted in a 10% reduction in expected delays.

By integrating these findings into planning and execution, construction managers can
better navigate the complexities of weather-related challenges, improving both

efficiency and cost-effectiveness.

5. Conclusion and Recommendations

The findings of this study highlight the profound influence of weather conditions on
construction projects in Riyadh and underscore the necessity of adopting adaptive
strategies to mitigate their impacts. The following recommendations aim to guide

construction managers, policymakers, and stakeholders in enhancing project resilience:

5.1 Policy Recommendations
1. Mandatory Weather Integration in Project Planning: Local authorities
should require construction firms to incorporate comprehensive weather

forecasting and risk analysis into project planning stages.

2. Incentives for Sustainable Practices: Governments should provide financial
incentives for adopting weather-resilient materials and technologies, such as

tax breaks or grants for sustainable construction practices.

5.2 Technological Advancements
1. Investment in Smart Technologies: Construction firms should invest in Al-
driven weather forecasting systems and GIS tools to predict and prepare for

adverse conditions.
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3. Adoption of Advanced Materials: Utilizing innovative materials like self-
healing concrete and heat-reflective coatings can significantly enhance

infrastructure durability under extreme weather conditions.

5.3 Workforce Development
1. Comprehensive Training Programs: Implementing regular training sessions
for workers on safety protocols during extreme weather events ensures

preparedness and minimizes health risks.

4. Provision of Safety Equipment: Ensuring workers have access to high-quality
PPE and on-site amenities such as shaded rest areas and hydration stations can

improve morale and productivity.

5.4 Infrastructure Improvements
1. Enhanced Drainage Systems: Construction projects should integrate
advanced water management solutions to handle unexpected heavy rainfall

effectively.

5. Sandstorm Mitigation: Projects can benefit from installing sandstorm
barriers and utilizing advanced filtration systems to protect machinery and

sensitive equipment.

5.5 Economic Implications and Future Research
1. Cost-Benefit Analysis: Future research should focus on quantifying the
economic benefits of adopting weather-resilient strategies to encourage

widespread implementation.
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2. Exploration of Regional Adaptations: Comparative studies across similar
climatic regions can offer valuable insights into region-specific best practices.

5.6 Global Implications
The findings of this study have broader applicability to construction industries in arid
and semi-arid regions worldwide. Collaborative initiatives between nations sharing
similar weather challenges can foster knowledge exchange and the development of
standardized practices for weather-resilient construction.
By addressing the recommendations outlined above, stakeholders in the construction
industry can proactively adapt to weather challenges, reducing delays and enhancing
the overall efficiency and sustainability of construction projects in Riyadh and similar

regions globally.

Recommendations:

1. Policy Implementation: Authorities should mandate the use of weather
forecasting tools in project planning for large-scale construction projects.

2. Technological Adoption: Construction firms should invest in automated
scheduling software and heat-resistant materials.

3. Worker Training: Regular training sessions on safety measures during extreme
weather conditions should be conducted.

4. Further Research: Future studies should explore the economic impacts of
weather disruptions on construction projects in other arid regions to develop
global best practices.

6. Expanded Discussion: Regional and Global Implications The challenges identified
in Riyadh are not isolated; they reflect broader issues faced by construction industries

in arid and semi-arid regions worldwide. For example, cities like Dubai, Cairo, and Doha
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experience similar weather conditions that significantly impact project timelines.
Comparing Riyadh’s construction challenges to global trends highlights the universal
importance of integrating weather considerations into project planning. Furthermore,

global data can provide benchmarks for improving local strategies.

7. The Role of Sustainability in Weather Adaptation Sustainability practices can help
mitigate weather-related challenges. For example, green construction techniques that
incorporate sustainable materials and energy-efficient designs can withstand extreme
weather conditions. Moreover, incorporating renewable energy sources, such as solar
panels designed for high temperatures, can ensure project continuity despite
environmental disruptions. The role of governments and policymakers in promoting

sustainable construction through incentives and regulations is vital in this context.

8. Future Trends in Weather-Responsive Construction Technological advancements are
paving the way for more weather-resilient construction practices. Emerging trends
include:
e Al-Powered Forecasting Tools: Artificial intelligence can provide highly
accurate, localized weather predictions to inform project planning.
e Smart Materials: Innovations in materials science, such as self-healing concrete
and heat-reflective coatings, offer new solutions for weather-related issues.
e Automation and Robotics: Automated machinery reduces reliance on human

labor in extreme conditions, improving safety and efficiency.

9. Practical Case Studies Several recent projects in Riyadh demonstrate successful

strategies for mitigating weather impacts. For example:
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e Metro Riyadh Project: This large-scale infrastructure project utilized real-time
weather monitoring systems to adjust schedules and resource allocation,
minimizing delays during sandstorms.

e King Abdullah Financial District: Heat-resistant materials and advanced
cooling systems were employed to maintain construction timelines during

peak summer months.
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