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THE IMPACT OF CLIMATE CHANGE-INDUCED 

FLOODING ON THE RESILIENCE OF EXISTING 

STRUCTURES 

ŞERİFE PINAR GÜVEL1 

Introduction 

The occurrence of natural disasters has been observed to 

result in extensive damage and significant socioeconomic losses, 

with an apparent trend of increasing over time (Sun et al., 2020). The 

comprehensive management of disasters requires the creation of 

awareness among the population and the conducting of large-scale 

risk and hazard analyses, both of which are crucial stages in the 

process of pre-disaster preparedness planning. Furthermore, studies 

have demonstrated that prompt and secure intervention is required in 

order to detect damages that occur both during and after the 

occurrence of a disaster, as well as in the context of subsequent 

rescue operations. 

The ongoing development of new technologies in the context 

of disaster management continues to be a topic of ongoing research 

and debate in the field. In this context, early warning systems and 
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artificial intelligence represent scientific innovations that have the 

capacity to protect large numbers of people from the devastation 

caused by disasters. Furthermore, the advent of cloud storage has 

facilitated the rapid retrieval of information by disaster management 

and emergency teams. The implementation of innovative 

technologies, such as GPS tracking devices has become a crucial 

aspect of diaster mitigation and search and rescue operations. 

Furthermore, information systems play an essential role throughout 

all stages of disaster management in the assessment of risk factors. 

In the context of risk reduction, the utilisation of sensors, satellite 

imagery, and unmanned aerial vehicles facilitates real-time 

monitoring of the condition of natural terrain, settlements, facilities, 

streams, and infrastructure.  

The utilisation of remote sensing (RS) enables the 

monitoring of alterations to the earth’s surface, atmosphere and 

oceans, thereby facilitating the prediction of natural disasters. This 

facilitates the predicition and issuance of early warning of potential 

disasters, enabling the prompt evacuation of individuals in affected 

regions. In recent years, the utilisation of remote sensing techniques 

has enabled significant advances in the examination of a range of 

natural phenomena, including the investigation of earthquakes 

(Tronin, 2006; Matsuoka and Nojima, 2010; Zhang et al., 2024), the 

formation of storms (Han et al., 2017), volcanic processes (Pyle et 

al., 2013), as well as the analysis of flood events (Ticehurst et al., 

2014; Feng et al., 2015; Revilla-Romero et al., 2015; Giustarini et 

al., 2015; Tanguy et al., 2017), landslides (Shafique et al., 2016), 

drought (Ghazaryan et al., 2020; Ghasempour et al., 2023; Zhang et 

al., 2023; Quirós and Fragoso‑Campón, 2024; Kumar et al., 2024), 

and tsunamies (Jiji et al., 2019; Ghadamode et al., 2022). 

Furthermore, remote sensing enables the examination of changes, 

whether direct or indirect, that result from a variety of causes. Ontel 
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et al. (2023) utilised satellite images in their study in land 

degradation and desertification mapping. 

The use of geographical information systems (GIS) has 

become pervasive due to the advantages they offer in terms of data 

storage, analysis, visualisation and cost reduction, particularly in 

relation to the implementation process. Furthermore, GIS provides 

efficacious solutions to support decision-making process. Notable 

advancements have been made in the domain of disaster risk 

assessment, early warning systems, monitoring and evaluation of 

disaster impacts, disaster mitigation, damage assessment and 

mapping through the utilisation of remote sensing and GIS. Remote 

sensing and/or GIS have been used in several studies within the 

framework of disaster management (Opolot, 2013; Puttinaovarat and 

Horkaew, 2020; Munawar et al., 2022), disaster risk assessment 

(Taubenböck et al., 2011; Cankaya et al., 2016; Gelata et al., 2023; 

Weir et al., 2024), disaster monitoring (Yuan et al., 2019; Topçu et 

al., 2022; Das et al., 2023), and damage evaluation (Koshimura et 

al., 2020; Güvel and Akgül, 2023; Giardina et al., 2024). 

Disasters can originate from many causes. Natural disasters 

which occur on the earth’s surface, in the atmosphere and in the 

oceans are such events as tsunamis (Satake, 2014; Oetjen et al., 

2022; Reid and Mooney, 2023), hurricanes (Van Biersel et al., 2007; 

Gavito et al., 2018; Qin et al., 2020; Martinez et al., 2023), storms 

(Ma et al., 2023), floods (Najafi et al., 2024), earthquakes (Ghamry 

et al., 2023), volcanic eruptions (Sari et al., 2022; Dietterich and 

Neal, 2022), landslides (Tanyas et al., 2019; Quesada-Román, 2021), 

wildfires (Nunes et al., 2019), droughts (Maybank et al., 2015), and 

avalanches (Campos et al., 2023).  

Humans place a high value on disaster preparedness as part 

of their adaptation to nature and survival. In order to minimise the 

damage caused by disasters, many studies have been and are being 
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carried out in different parts of the world. The role of existing 

buildings in reducing disaster losses after of the Great East Japan 

earthquake and tsunami was highlighted in the study conducted by 

Pushpalal and Ogata (2014).  

The following methodology was employed in this study. The 

initial section of the study delineate the technical activities 

undertaken within the context of disaster management. These 

include pre-disaster planning and preparation, search and rescue 

operations during the disaster, damage assessment, and 

reconstruction activities following disasters. The second section will 

present an overview of the specific natural disasters that are the 

subject of this study, with a particular focus on the findings of 

previous studies conducted in this field. As indicated in the relevant 

literature, scientific studies conducted in previous years on the 

Ergene River floods, flood risk analysis, flood damages, and flood 

effects are specifically mentioned. The potential of information 

technologies to reinforce the resilience of the built environment in 

the face of floods will be examined, drawing upon the insights from 

the preceding sections as well as the supporting literature. The third 

section will present result and discussion of the research. A 

conclusion section will be provided, in which evaluations of the 

aforementioned situations will be presented. 

Technical Activities Conducted within the Scope of Disaster 

Management: Overview 

Disaster management can be broadly delineated as 

comprising three stages: preparation, response and recovery. A range 

of measures, both structural and non-structural, form part of the 

disaster management strategy. These measures encompass a variety 

of technical activities. 

Some of the studies planned to be carried out in preparation 

for possible disaster events are as follows: The identification of 
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current issues in the research area; investigation and analysis of 

historical disaster events in the designated research areas; the 

assessment of data acquisition methodologies; the analysis of 

observed data. Additionally, the identification of potential disaster 

scenarios and the formulation of appropriate responses in the event 

of their occurrence represent a crucial objective. This will entail the 

completion of technical, economic and other studies, including the 

evaluation of priorities in terms of time, the determination of criteria 

for the realisation of proposed solutions to problems, risk analysis, 

interdisciplinary coordination and the preparation of disaster plans. 

One of the most crucial applications of this stage is the establishment 

of effective disaster early warning systems, coupled with the 

meticulous preparation of comprehensive disaster risk maps. This 

process involves the determination of essential logistical 

considerations, such as the location, workforce, and the quantity of 

experts and equipment that will be required in the event of a disaster. 

The rapid implementation of the necessary technical measures is 

another crucial aspect that can significantly enhance the efficacy of 

this stage.  

The level of success achieved in search and rescue operations 

during disasters is significantly influenced by the extent of 

preparation undertaken in advance of such events. The field of 

information technology has made a considerable impact on the 

resilience of the built environment in the context of disaster 

preparedness and response.  

The utilisation of GIS-based dynamic risk maps provides 

decion-makers vital information to prevent loss of life and property, 

whilst also minimising the damage caused by disasters. The utility 

of dynamic maps in a variety of context is manifold. In addition to 

facilitating disaster response and monitoring the impact of crises on 

affected populations and infrastructure, these tools also play a crucial 
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role in assessing the scale and scope of disasters and tracking the 

movements of individuals and resources in disaster-stricken areas.   

Following the occurence of disasters, damage assessment 

strudies are conducted in the context of the built environment, along 

with all components of the surrounding environment that have 

suffered damage as a consequence of the disaster. 

Previous Studies and Flood Management 

The occurrence of natural disasters represents an inherent 

risk to human life and the environment. This is due to the intrinsic 

capacity of such events to inflict significant harm and pose a variety 

of potential dangers. The following section presents the 

advancements achieved through developments in information 

technologies, with a particular focus on the resilience of built 

environments in the context of disasters, through an examination of 

previous research. 

The role of information technology in disaster management 

encompasses a range of activities, from the initial response to the 

aftermath of a disaster. This section will examine the ways in which 

IT can be utilised in each of these phases, outlining the potential 

benefits in each case.  

The occurence of flood events may be attributed to a number 

of factors, including the rapid thawing of snow due to sudden 

temperature increases or the heavy precipitation that often 

accompanies such conditions. Over the centuries, various studies 

have been conducted with the objective of mitigating the adverse 

effects of flood events and implementing preventive measures 

(Angelakis et al., 2023). The role of information technologies in 

disaster management is manifold. These include GIS-supported 

flood mapping (Tehrany et al., 2015; Bui et al., 2016; Hong et al., 

2018; Khosravi et al., 2019), examining flood damages using RS 
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images (Güvel et al., 2024), analysis of impacts of flood events 

utilising RS, GIS and/or UAVs (Sharma et al., 2019; Rahman et al., 

2021), contribution of using UAVs in search and rescue works 

(Hashim and Tamizi, 2018; Lyu et al., 2023), communicating with 

cross-city search, rescue and disaster relief teams (Shittu et al., 2018; 

Matsuki and Hatayama, 2023), location and route finding in flood 

events (Musolino et al., 2022; Suwanno et al., 2023), preparation of 

city information systems (Huang et al., 2022), mobile hospital, 

shelter, medical care, and/or food service facilities location selection 

(Ma et al., 2019; Tripathi et al., 2022), determining the route for 

nearest first aid units, real-time monitoring and dynamic damage 

mapping. A variety of techniques such as machine learning, image 

processing and data analysis, have been explored with the objective 

of developing effective solutions for flood management (Munawar 

et al., 2021). 

A significant number of studies were conducted over the past 

years to assess the direct and indirect impacts of flooding on road 

networks and transportation infrastructures. The following studies 

are a selection of those undertaken to highlight this research area; Li 

et al., 2019; Watson and Ahn, 2022; Haque et al., 2023. 

A substantial number of technical and scientific studies have 

been conducted on the subject of flooding on the Ergene River in 

previous years. Research undertaken to date has focused on issues 

such as flood risks in the Ergene Basin and their effect on both 

agricultural areas and settlements, the damage caused by flooding, 

flood hazard vulnerability, flood susceptibility assessment, flooding 

resulting from excessively heavy rainfall, and hydrological models 

(Kızılaslan ve Doğan, 2013; Demirkesen, 2016; Turoğlu and Aykut, 

2019; Kargı, 2019; Mesta et al., 2019; AFAD, 2021; Bayrak et al., 

2021). 
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Study Area and Method 

The research was carried out in the floodplain of the Ergene 

River within the Uzunköprü district of the Edirne Province in 

Türkiye. The area is located within the Meriç-Ergene Basin, which 

is one of the 25 basins within Türkiye. The Meriç-Ergene Basin, 

situated within the Marmara region, is characterised by its arable 

land, which renders it a suitable location for agricultural activities. 

Additionally, the region holds significant industrial potential. A 

historical analysis of flood events reveals a high incidence of 

flooding in the area. The specific location of this area in Türkiye can 

be visualised in Figure 1, which illustrates its geographical position 

in relation to surrounding region. 

Figure 1 The location of the study area in Türkiye 

 

This study sets out to investigate the impact of flood 

spreading on road infrastructure, with a particular focus on the 
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period between 4 February 2022 and 14 February 2022. The 

workflow of the study is shown in Figure 2. 

Figure 2 The workflow of the study 

 

Results and Discussion 

The study of the effects of floods on road infrastructure 

conditions represents a notable area of research. A range of 

methodological approaches has been used to estimate road damage 

from floods, with some studies focusing specifically on the flood 

itself or on the characteristics of the road, and some on resilience to 

flooding events (Sultana et al., 2016; Arrighi et al., 2021; Rebally et 

al., 2021; Watson and Ahn, 2022; Haque et al., 2023). 

In order to examine the effect of the flood inundation in the 

Ergene River on the road infrastructure, four remote sensing images 

of the study area were examined. The results were validated with 

field photographs published by Anadolu Ajansı (2022). The media 

coverage of the flood which had occurred within the designated 

study area, was published in the press on 7 February 2022 (Figure 3-
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b, 3-c). The title of the news was “Ergene River overflowed, causing 

some village roads to be closed to transportation”. It was also stated 

that thousands of acres of agricultural land were flooded due to the 

river emerging from its bed (Anadolu Ajansı, 2022). As also seen in 

the Google Earth image of the flooded study area in the Ergene River 

on 6 February 2022 (Figure 3), the road infrastructure was affected 

by flooding. 

Figure 3 (a) The Google Earth image of the flooded study area in 

the Ergene River on 6 February 2022, (b)-(c) The image of the 

study area on 7 February 2022 (Anadolu Ajansı, 2022). 

 

Figure 4 shows the condition of the bridge and the road over 

the Ergene River in the study area on the 16th of january, 2025, under 

normal conditions. 
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Figure 4 a)-(b) The location of transportation infrastructure in the 

study area in the Ergene River on 16 January 2025 (Google Earth, 

2025) 

 

Analysis of remote sensing data has revealed the impact of 

floods on irrigation systems and changes in the area covered by 

floods. Sections were taken utilising remote sensing images and the 

depths of flood waters in the flood zone examined. Consequently, an 

evaluation was conducted to ascertain the impact of flood waters on 

both road infrastructure and agricultural irrigation systems. The 
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width of the floodplain was measured from the bridge's beginning, 

with the sum of the bridge width and the flood spread width in the 

agricultural area being taken into account. Figure 5 provides a 

detailed overview of the alterations to the flood spread width in the 

river bed that occurred during the previously specified timeframe. 

The flood spreading phenomenon in the agricultural area and road 

infrastructure was examined on four dates: 4 February, 6 February, 

11 February, and 14 February 2022 (Figure 5). 

Figure 5 The Sentinel-2 images of the study area in the Ergene 

River on (a) 4 February 2022, (b) 6 February 2022, (c) 11 

February 2022, (d) 14 February 2022. 

 

As is clearly evident in the Google Earth image dated 6 

February 2022, the road infrastructure and the agricultural areas are 

observable as being submerged in flood waters (Figure 6). The 

Google Earth image of the study area in the Ergene River on 10 

November 2022 is also given in Figure 6, to present the normal 

conditions in the study area. 
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Figure 6 The Google Earth image of the flooded study area in the 

Ergene River on 6 February 2022 and on 10 November 2022. 

(Google Earth, 2025) 

 

The closest flow gauging station to the study area on the 

Ergene river is the Ergene Yenicegörece observation station 

(Yenicegörece OBS). Data obtained from 

https://edirnenehir.dsi.gov.tr/ indicate that the flows in February 

2022 were as shown in Figure 7. It was observed that the maximum 

flow value was recorded on 12 February, within the specified time 

frame of 4 February 2022 and 14 February 2022. 
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Figure 7 The flow observations on the Ergene Yenicegörece OBS 

on the Ergene River in February 2022 

(https://edirnenehir.dsi.gov.tr/, access date: 20.03.2025). 

 

As seen in the schematic drawing shown in Figure 8, a 

section in proximity to the designated road route, perpendicular to 

the flow direction of the Ergene River was selected for detailed 

analysis, resulting in the presentation of the longitudinal profile of 

this section. The discharge values recorded at the Yenicegörece OBS 

and the flooded area on the selected dates shown in Figure 8 were 

evaluated together. As a result, even after taking into account 

conditions such as the distance between the cross-sectional area and 

the Yenicegörece OBS, the involvement of stream flows, the 

boundaries, etc., which affect the flood spreading, the flood 

inundation is as shown in Figure 5. In this particular instance, the 

construction of the road was considerably impacted by the occurence 

of flooding. Recommendations for prospective endeavours aimed at 

enhancing the flood resilience of the built environment include the 

elevation of the road surface and the rehabilitation of flood control 

structures. 
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Figure 8 The schematic plan and longitudinal profiles of the 

designated section including the Ergene River in the study area 

 

This study examines the role of information technologies in 

construction management with a particular focus on the resilience of 

the built environment to natural disasters in the context of flood 

events. 

Floods are natural disasters that occur across a range of 

geographical regions worldwide, with a significant adverse impact 

on human populations, natural ecosystems, social and economic 

systems. For several decades, a variety of solutions, both structural 

and non-structural in nature, have been implemented with the 

objective of preventing loss of life and property, as well as reducing 

the harmful consequences of flood events. 

The principal benefit of employing remote sensing 

methodologies for the delineation of flood inundation zones is the 
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ability to gather data from locations that are either inaccessable or 

impractical to reach by other means.  

Review of the studies in previous years on the resilience of 

the built environment against disasters have elucidated the 

advantages conferred by the utilisation of information technologies. 

Notable methodologies and approaches among these are GIS-

supported analysis and/or models (Thrysøe et al., 2021; Shah and 

Shah, 2023; da Silva et al., 2023), building information modelling 

(Amirebrahimi et al., 2016; Yang et al., 2021), digital twins (Huang 

et al., 2022; Bakhtiari et al., 2023), remote sensing techniques (Jain 

et al., 2005; Chohan et al., 2022), which have been particularly 

prominent in the context of flood management. 

Conclusion 

The research area selected for this study was the floodplain 

of the Ergene River in the Uzunköprü district of Edirne province, 

which is located within the Northwestern Marmara region of 

Türkiye. The primary focus of the study was to examine the impacts 

of the flooding on the road that crosses the Ergene River.  

The present study employed data collected from multiple 

sources over the period between 4 February 2022 and 14 February 

2022. The investigation focused on assessing the resilience of the 

built environment when confronted with flood events, employing a 

transportation case study. The assessment involved the interpretation 

of remote sensing imagery and news reports obtained from multiple 

sources. The study’s main strength lies in the utilisation of satellite-

derived images assessed through the framework of remote sensing, 

enabling comparisons with news photographs. 

As a result of mankind’s longstanding interest and curiosity 

in understanding nature and living with natural hazards, disaster risk 

reduction and resilience continue to be important issues. Therefore, 
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disaster resilience and sustainability of constructions in the 

management of the built environment is a topic interest. Societies 

that in ancient times fought against disasters with various primitive 

tools have developed many methods and precautions over the 

centuries. The rapid developments and advances in information 

technology in recent years have also brought benefits in terms of 

speed, labour, and cost to the technical and administrative activities 

carried out in this context, as well as providing support services to 

decision-makers.  

In order to contribute to future research, this study 

investigated the potential of information technologies to increase the 

resilience of constructions to disaster events in the construction 

industry, specifically to flood events. The study also assessed the 

contribution of information technology to the durability of the built 

environment.   
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FLOOD CONTROL MANAGEMENT WITHIN THE 

SCOPE OF CLIMATE CHANGE ADAPTATION 

ŞERİFE PINAR GÜVEL2 

ŞAHİN TOLGA GÜVEL3 

Introduction 

The concepts of flood risk perception and awareness have 

been a subject of considerable interest in the field of flood 

management in recent years. During the planning stages of flood 

control activities, field surveys are conducted to observe 

geographical features and environmental factors of research areas. 

The potential for such scenarios is assessed through the analysis of 

historical data, which in turn provides the framework for future 

projections. The implementation of various advanced techniques and 

tools facilitates the analysis. The assessment of precautions to be 

taken before flood events is generally categorised into two distinct 

categories: structural measures and non-structural measures. 
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Flood control infrastructure constructed as a component of 

structural engineering endeavours encompasses such elements as 

dams, enclosed channels, dikes, stone fortifications, and reclamation 

platforms. The implementation of non-structural measures 

constitues a multifaceted approach to flood risk management, 

encompassing the development of flood early warning systems, the 

dissemination of flood awareness training, and the formulation of 

flood plans. The execution of these studies involves the utilisation of 

advanced technologies, including geographic information systems 

and remote sensing methodologies. The coordination of multiple 

institutional entities, as well as the collaboration of expert teams 

from diverse disciplinary backgrounds, are integral components of 

research endeavour. 

Geographic Information Systems (GIS) have been 

considered an effective decision support tool, with the capacity to 

facilitate the management process for decision makers by offering 

opportunities for analysis of various risks and scenarios (Aydınoğlu 

and Yomralıoğlu, 2003). Decision support systems (DSS) help 

managers with complex management problems by increasing 

efficiency in data management, data analysis and the development 

of models (Liu et al., 2009). The purpose of decision support systems 

is not to replace the decision-making process in the hands of 

managers, but to provide a framework within which informed 

choices can be made. The objective of these systems is to evaluate 

model outputs in order to produce meaningful information. 

Databases, numerical models and personal experiences are used to 

solve problems (Güvel, 2007).  

The concept of a geographic information system (GIS) was 

first introduced in Canada during the 1960s (Turoğlu, 2000). The 

potential application areas of GIS are numerous and wide-ranging, 

including transportation and transport planning (Zeng et al., 2010; 

Lopes et al., 2014; Truden et al., 2022; Droj et al., 2022; Wang and 
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Zhang, 2024), water resources management (Tsihrintzis et al., 1996), 

natural resource planning and management (Nyeko, 2012; Krishna 

et al., 2019; Sharma et al., 2024), environmental assessments 

(Gharehbaghi and Scott-Young, 2018; Nowak et al., 2020), 

construction management (Han et al., 2020), geosciences, and, 

pollution control and monitoring. Consequently, it has become an 

important component in the practices of numerous professional 

disciplines and research units, including archaeology, agriculture 

(Sarmah et al., 2018), tourism (Amadu et al., 2025), geology 

(Kakavas et al., 2024), and public health (Sabde et al., 2020). 

Research and analysis using GIS requires spatial data, which 

can be provided in different ways: collected or provided in digital 

form from elsewhere. GIS can analyse any subject using map 

elements and attribute data. Manual collection of spatial data is 

expensive, labour-intensive, and time-consuming, In certain 

instances, there is a preference for automated recording data 

acquisition methodologies. 

GIS-based Decision Making in Water Resources Management 

The integration of GIS technology with various data 

acquisition and analysis methodologies has also become 

increasingly prevalent, facilitating comprehensive water resources 

planning and management. Typically, project phases are appraised 

within a framework of four fundamental categories in the domain of 

water resources planning and development: The preliminary 

investigation and feasibility study represent the initial phase of the 

process, with subsequent planning activities forming the foundation 

for the subsequent stages. Following this, the design and 

construction of projects are initiated, and are then succeeded by the 

operation and maintenance. A coordinated approach, integrating the 

efforts of multiple professional disciplines at each stage, is 

fundamental.  
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In a GIS environment, vector data are associated with 

attribute information. At this step in the process, there is a higher 

level of labour and time intensity involved in the storage of vector 

data transferred from paper when associating with attribute 

information, when compared to those produced in digital 

environments such as CAD data.  

The first step of this study is to present a review of previous 

studies conducted on the issues of water resources planning and 

management within the scope of each project stage. The second step 

focuses on flood management and presents a literature review on 

structural and non-structural flood measures. 

A literature review of the studies conducted on the issues of 

water resources planning and management in previous years is 

presented within the scope of each project stage. The flow chart of 

the study is given in Figure 1. 

Figure 1 The flow chart of the study 
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In the survey and planning stages, GIS is a tool for selecting 

sites and assessing their feasibility, also contributing decision 

making process for project managers in the analysis of geographic 

characteristics and environmental factors. This helps to identify 

constraints, assess risks and plan for environmental impacts. GIS 

also facilitates communication and decision-making through maps 

and visualisations. The utilisation of GIS data in the initial project 

planning stage has been shown to enable a more informed decision 

making process within a project management role, whilst 

simultaneously reducing uncertainty and optimising the site 

selection process. One of the most important works at this stage is 

terrestrial measurements and production of terrestrial maps of study 

areas. Moreover, it constitutes a pivotal study with regard to the 

generation of digital terrain models and their utilisation as a 

foundation for analyses.  

In the initial phase of project development, there are several 

potential application areas that could be explored. These studies 

include selection of sites of observation stations, examining 

possibilities of implementation of upstream measures, exploration of 

water and land resources potential, assessment of sediment yield, 

environmental and meteorological conditions, drought risk, 

investigation of geological conditions, land use/land cover, 

groundwater, and economic analysis.  

The utilisation of GIS has been demonstrated to yield 

substantial benefits within the context of river basin development 

and planning initiatives. This encompasses basin-specific initiatives, 

including the development of basin management models and the 

establishment of early warning systems.  

In addition, GIS analyses have been employed in the 

evaluation of dam site selection (Njiru and Siriba, 2018; Hagos et 

al., 2022; Kpiebaya et al., 2025), examination of eathquake risk 
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areas, and fault lines, and evaluation of seismic slope stability 

(Zhang and Wang, 2019) in several studies. Furthermore, there are 

studies that focus on the preparation of various thematic maps, such 

as the preparation of geological maps using GIS.  

Approaches integrated with GIS enabled the identification of 

forest areas deemed susceptible to potential hazards such as 

landslides or fires, the delineation of forest roads, the analysis of the 

proximity of forest roads, the investigation of alterations in forest 

cover, and the formulation of evacuation routes in the event of forest 

fires, and forest management. The importance of forestry-related 

activities lies in their role in facilitating the integrated management 

of water resources and soil conservation. A substantial number of 

studies have been conducted on the utilisation of GIS tools in 

forestry (Nguyen et al., 2017; Yu et al., 2021; Cammerino et al., 

2023). Evaluation of changes in land use land cover was also 

conducted across diverse research domains, employing remote 

sensing and GIS methodologies (Pande et al., 2021; Güvel, 2024).  

During the project design phase, subsequent to the 

determination of project formulation, detailed projects are designed 

based on approved planning studies and subjected to review and 

approval processes. At this particular phase, projects that have been 

evaluated as being technically and economically viable are then 

subjected to further detailed preparation. This involves conducting 

supplementary field research and undertaking additional technical 

calculations.  

In recent years, there has been an increasing trend in the 

utilisation of GIS and Building Information Modelling (BIM) during 

the design phases of various projects. BIM and GIS integration 

facilitate spatial analyses related to projects, thus allowing the study 

of spatial relationships between facilities and their constitutent 

elements, as well as their interatcions with the environment and/or 
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the urban landscape. The integration of BIM and GIS within the field 

of construction is an area that is the focus of an increasing number 

of studies across the world (Zhao et al., 2019; Gilbert et al., 2021; 

Piras et al., 2024). The number of studies using BIM and GIS 

together in the construction industry is increasing, with researchers 

looking to explore the potential of this combined approach in various 

contexts (Han et. al., 2020; Zhu et al., 2021; Baarimah et al., 2022; 

Cepa et al., 2024; Wahba et al., 2024;).  

The study conducted by Cepa et al. (2024) showed how 

information flows through an integrated BIM-GIS model linked to 

an external database in their study (Figure 2). 

Figure 2 Information of flow for a BIM-GIS integration for 

infrastructure FM (Cepa et al., 2024) 

 

The implementation of BIM and GIS in construction projects 

has been demonstrated to offer substantial advantages in terms of 

efficiency, particularly with regard to the management of work 

progress. The integration of these technologies has been shown to 

facilitate the execution of crucial inspections and associated 

technical operations, resulting in significant reductions in time and 

labour resources compared to conventional methodologies 

employed in previous years.  

- Within the comprehensive framework of planning, 

development, and management of water and soil resources, water 

structure projects that are considered to be technically and 

economically feasible are commissioned. Achieving the expected 

performance of these structures is among the most important factors 
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in operational activities. It is essential to implement a systematic 

approach to ensure the effective monitoring, evaluation, and 

operation-maintenance of projects throughout its lifecycle, thereby 

ensuring the expected performance is maintained.  

It is an established practice to undertake systematic 

monitoring of hydraulic structures throughout their operational life. 

The regular monitoring of water resources is an integral component 

of broader spectrum of activities undertaken with the objective of 

ensuring the conservation and protection of these vital natural 

resources.  

Operation and maintenance activities are intended to be 

executed in accordance with a sustainability approach, in response 

to evolving environmental and meteorological conditions, to 

guarantee the anticipated performance of the facilities and to 

maximise the economic efficiency of the facility over its entire 

lifespan.  

Investigations into changes in underwater topography and 

sediment accumulation in dam reservoirs involve preparing and 

examining bathymetric maps. This is done to assess the impact of 

sediment on dam elements as part of dam reservoir operation and 

monitoring studies. GIS tools are used to examine temporal and 

spatial changes in dam reservoirs, with the objective of determining 

dam operation policy and implementing structural measures when 

necessary.  

Some studies look at how changes in reservoir capacity affect 

operating rules; some focus on sediment removal/management. GIS 

is a useful tool for analysing reservoir sediments and for evaluating 

effects of sediment transport from upper basins across streams, as 

well as ascertain changes in reservoir capacity in comparison with 

planning data (Akgül et al., 2024). 
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The following illustration depicts sediment thickness maps 

of Kozan Dam reservoir, meticulously prepared by using GIS tools 

(Güvel, 2021) (Figure 3). 

Figure 3 Sediment thickness map of the Kozan Dam Reservoir in 

GIS environment (Güvel, 2021). 

 

In the technical activities conducted on monitoring irrigation 

systems during operational phases, issues covered include water 

quality, soil salinity, and shallow groundwater depth in irrigation 

networks. Water table maps in irrigation areas are prepared and 

assessments are made regarding measures required. GIS tools 

facilitate the analysis of spatial and temporal changes in irrigation 

systems, enabling efficient investigation of changes. Information 

pertaining to geographical and tabular characteristics of project 

components including, but not limited to, topographical features of 

the designated irrigation area and the configuration of irrigation 

channels, can be stored in the project database. 
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Using GIS in Flood Control Management 

Flood risk perception and awareness are a growing focus in 

flood management (Baan and Klijn, 2004). Field research 

observation data are used in monitoring and evaluation activities of 

facilities, while historical data analysis is used to predict future 

scenarios. Flood precautions are usually divided into two categories: 

structural and non-structural.  

Flood control facilities constructed as a part of structural 

activities include dams, walled channels, dikes, stone fortifications, 

reclamation platforms. The construction of dams is a structural 

measure to control the flow rates of rivers, particularly in regions 

characterised by a consequent elevated risk of flooding. The 

construction of such infrastructure has been historically driven, in 

large part, by the necessity of mitigating the potentially disastrous 

effects of flooding, particularly in rivers characterised by high flow 

rates. In previous years, a substantial number of studies have been 

conducted using GIS to implement structural measures for flood 

control (Patel and Dholakia, 2010; Chen et al., 2017). Non-structural 

measures include preparing flood risk maps, developing flood early 

warning systems, flood awareness training and preparing flood 

plans.  

The issue of flood risk perception and awareness has gained 

increased prominence in the field of flood management (Fuchs et al., 

2017). The utilisation of field research and observations has to be 

well-documented, as is the application of historical data analysis for 

the purpose of preplanning future studies. A range of sophisticated 

techniques and methodologies are used for analysis and assessment 

of findings. The integration of these advanced technologies has the 

potential to expedite the attainment of results, thereby facilitating 

significant savings in labour and costs. 
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A range of studies were conducted on various aspects of 

hydrology, including morphological characteristics (Mussina et al., 

2025), precipitation/runoff, soil moisture properties, snow cover 

(Kumar and Kumar, 2016; Arumugam et al., 2024), evaporation 

losses, and climatic features. GIS was utilised in a multitude of 

applications in the field of water and land resources management, 

with a significant proportion of these applications being focused on 

the implementation of flood management strategies. The subjects 

encompass flood risk assessment (Hagemeier-Klose and Wagner, 

2009), flood modeling (Kumar et al., 2023), flood hazard (Rangari 

et al., 2021; Santos et al., 2023; Koyuncu and Ekmekçioğlu, 2024), 

land use land cover changes (Güvel, 2024), soil survey and land use 

planning, emergency response planning (Akgül, 2024), and disaster 

management (Price and Vojinovic, 2008). In order to determine the 

extent of flooding and assess the damage incurred during such 

events, flood maps are prepared, and assessments are conducted so 

that the necessary precautions can be taken. The application of GIS 

tools facilitates the investigation and analysis of both spatial and 

temporal changes with regard to the extent of flood occurrence, as 

well as the monitoring of such phenomena. In the study conducted 

by Akgül (2018), temporal changes in flood inundated area in 

Berdan Plain was investigated using GIS (Figure 4). 
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Figure 4 Temporal changes in flood inundated area in Berdan 

Plain (Akgül, 2018). 

 

Results and Recommendations 

In recent years, climate change, global warming, and 

population growth have brought the issue on effective and 

sustainable management of limited water resources to the forefront. 

This necessisates continuous monitoring of the changing issues such 

as atmosphere, land structure, vegetation, environmental parameters, 

and the built environment, all of which interact with living 

organisms. Consequently, in addition to data acquisition capabilities, 

the ability to analyse data expeditiously, with cost and labour 

savings, has also gained importance. GIS techniques have been 

employed in numerous studies related to the management of water 
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and soil resources, due to their rapid analysis and visualisation 

capabilities.  

The results of this study indicated that GIS tecniques have 

been effectively and successfully applied in previous studies for the 

planning and management of water resources. The project 

management process may encounter specific constraints or 

challenges when employing GIS applications or incorporating them 

with other advanced technologies. 

The integration of GIS with various data collection and 

analysis methodologies has become a pervasive phenomenon in 

recent years. GIS has been employed in a multitude of studies within 

the domain of water resources planning and management. The 

present study undertook a comprehensive literature review of the 

utilisation of GIS in the domain of water resources planning and 

development. The review encompasses an evaluation of project 

phases under four principal headings. These phases are regarded as 

standard practice in the construction industry and are as follows: (1) 

preliminary research, feasibility and planning process; (2) project 

design; (3) construction; and (4) operation and maintenance.  

Despite the numerous examples encountered at various 

stages of construction projects implementation, the existing 

literature research indicates that GIS tools, which allow for the 

examination of variables affecting a wide range of areas, such as 

meteorological or geoscience parameters, are most preferred at the 

planning stage. Moreover, the integration of advanced technologies 

and GIS methodologies during the design, construction, and 

operation stages of a project has been demonstrated to yield 

substantial project management benefits, including considerable 

economic advantages in terms of cost, labour, and time savings. 



--48-- 

References 

Akgül, M.A. (2018). Use of Synthetic Aperture Radar Data 

in Flood Studies: Berdan Plain Flood, Journal of Geomatics, 3(2), 

154-162. 

Akgül, M.A. (2024) Afet ve acil durum müdahale 

planlamaları için eş-mesafe haritalarının üretilmesi. Türkiye Coğrafi 

Bilgi Sistemleri Dergisi, 6(2), 85-92. 

https://doi.org/10.56130/tucbis.1556331. (in Turkish) 

Akgül, M.A., Güvel, Ş.P., Aksu, H. (2024) Sedimentation 

Analysis on Seyhan Dam Reservoir Using Long Term Bathymetry 

Data, Journal of Engineering Sciences and Design, 12(1), 16-33, 

2024, DOI: 10.21923/jesd.1353462. 

Amadu, F.O., Nhamo, L., Benzougagh, B., Turyasingura, B. 

(2025) Application of geographic information system in ecotourism: 

a global bibliometric analysis, Cogent Social Sciences, 11:1, 

2460711, DOI:10.1080/23311886.2025.2460711. 

Arumugam, T., Dewali, S.K., Snehmani, Kinattinkara, S. 

(2024) Estimation of snow depth in GIS environment from 

observation points on Z Gali region: A case study of NW Himalaya, 

Results in Engineering 21 (2024) 101869. 

Aydınoğlu, A.Ç., Yomralıoğlu, T., (2003) Spatial Decision 

Support System Via The Web,  Geomatica 5 “Cartography, 

Telematics and Navigation”, 11-14.02.2003, Barcelona, Spain. 

Baan, P.J.A., Klijn, F. (2004) Flood risk perception and 

implications for flood risk management in the Netherlands, 

International Journal of River Basin Management, 2:2, 113-122, 

DOI: 10.1080/15715124.2004.9635226 

Baarimah, A.O., Alaloul, W.S., Liew, M.S., Kartika, W., Al-

Sharafi, M.A., Musarat, M.A., Alawag, A.M., Qureshi, A.H. (2022) 



--49-- 

A Bibliometric Analysis and Review of Building Information 

Modelling for Post-Disaster Reconstruction. Sustainability 2022, 14, 

393. https://doi.org/10.3390/su14010393 

Cammerino, A.R.B., Ingaramo, M., Piacquadio, L., 

Monteleone, M. (2023) Assessing and Mapping Forest Functions 

through a GIS-Based, Multi-Criteria Approach as a Participative 

Planning Tool: An Application Analysis, Forests, 2023, 14, 934. 

https://doi.org/10.3390/f14050934 

Cepa, J.J., Alberti, M.G., Pavón, R.M., Calvo, J.A. (2024) 

Integrating BIM and GIS for an Existing Infrastructure, Appl. Sci. 

2024, 14, 10962. https://doi.org/10.3390/app142310962. 

Chen, W., He, B., Ma, J., Wang, C. (2017) A WebGIS-based 

flood control management system for small reservoirs: a case study 

in the lower reaches of the Yangtze River, Journal of 

Hydroinformatics, 19.2, p.299-314. 

Droj, G., Droj, L., Badea, A.-C. (2022) GIS-Based Survey 

over the Public Transport Strategy: An Instrument for Economic and 

Sustainable Urban Traffic Planning. ISPRS Int. J. Geo-Inf. 2022, 11, 

16. https://doi.org/10.3390/ijgi11010016. 

Fuchs, S., Karagiorgos, K., Kitikidou, K., Maris, F., 

Paparrizos, S., Thaler, T. (2017) Flood risk perception and adaptation 

capacity: a contribution to the socio-hydrology debate, Hydrol. Earth 

Syst. Sci., 21, 3183–3198, 2017. 

Gharehbaghi, K., Scott-Young, C. (2018) GIS as a vital tool 

for Environmental Impact Assessment and Mitigation, IOP Conf. 

Series: Earth and Environmental Science 127 (2018) 012009, doi 

:10.1088/1755-1315/127/1/012009 

Gilbert, T., James, P., Smith, L., Barr, S., Morley, J. (2021) 

Topological integration of BIM and geospatial water utility networks 



--50-- 

across the building envelope, Computers, Environment and Urban 

Systems 86 (2021) 101570. 

Güvel, Ş.P. (2007) The Study on Sediment Accumulation of 

Seyhan Reservoir by Decision Support Systems, PhD Thesis, 

Department of Civil Engineering, Institute of Natural and Applied 

Sciences, University of Çukurova, p:212, Adana. 

Güvel, Ş.P. (2021) Investigation of Sediment Deposition in 

Dam Reservoirs, Çukurova University Journal of the Faculty of 

Engineering, 36(4), pp. 869-878, December 2021. 

Güvel, Ş.P. (2024) Assessment of the impact of land cover 

changes on sediment yield: a case study, Water Supply Vol 24 No 3, 

931 doi: 10.2166/ws.2024.036. 

Hagemeier-Klose, M., Wagner, K. (2009) Evaluation of flood 

hazard maps in print and web mapping services as information tools 

in flood risk communication, Nat. Hazards Earth Syst. Sci., 9, 563–

574, 2009.  

Hagos, Y.G., Andualem, T.G., Mengie, M.A., Ayele, W.T., 

Malede, D.A. (2022) Suitable dam site identifcation using 

GIS‑based MCDA: a case study of Chemoga watershed, Ethiopia, 

Applied Water Science (2022) 12:69, 

https://doi.org/10.1007/s13201-022-01592-9 

Han, Z.H., Wang, Z.K., Gao, C., Wang, M.X., Li, S.T. (2020) 

Application of GIS and BIM Integration Technology in Construction 

Management, IOP Conf. Series: Earth and Environmental Science 

526 (2020) 012161, doi:10.1088/1755-1315/526/1/012161 

Kakavas, M.P., Frattini, P., Previati, A., Nikolakopoulos, 

K.G. (2024) Evaluating the Impact of DEM Spatial Resolution on 

3D Rockfall Simulation in GIS Environment. Geosciences 2024, 14, 

200. https://doi.org/10.3390/geosciences14080200 



--51-- 

Koyuncu, Z., Ekmekçioğlu, Ö. (2024) Generating the Flood 

Susceptibility Map for Istanbul with GIS-Based Machine Learning 

Algorithms, Journal of Natural Hazards and Environment, 10(1): 1-

15, DOI: 10.21324/dacd.1254778. 

Kpiebaya, P., Shaibu, A.-G., Salifu, E. (2025) Machine 

learning-based modeling of suitable dam sites in Northern Ghana, 

H2Open Journal Vol 8 No 4, 271 doi: 10.2166/h2oj.2025.006. 

Krishna, K.R., Naik, B.S.S.S., Pilli, K. (2019) Concept of 

GIS and its applications in natural resource management: A review, 

International Journal of Chemical Studies 2019; 7(5): 1515-1524. 

Kumar, M., Kumar, P. (2016) Snow cover dynamics and 

geohazards: a case study of Bhilangna watershed, Uttarakhand 

Himalaya, India, Geoenvironmental Disasters (2016) 3:2, DOI 

10.1186/s40677-016-0035-z. 

Kumar, V., Sharma, K.V., Caloiero, T., Mehta, D.J., Singh, K. 

(2023) Comprehensive Overview of Flood Modeling Approaches: A 

Review of Recent Advances, Hydrology 2023, 10, 141. 

https://doi.org/10.3390/hydrology10070141. 

Liu, S., Duffy, A.H.B., Whitfield, R.I., Boyle, I.M. (2009) 

Integration of decision support systems to improve decision support 

performance, Knowl Inf Syst, DOI 10.1007/s10115-009-0192-4. 

Lopes, S.B., Brondino, N.C.M., Rodrigues da Silva, A.N. 

(2014) GIS-Based Analytical Tools for Transport Planning: Spatial 

Regression Models for Transportation Demand Forecast, ISPRS Int. 

J. Geo-Inf. 2014, 3, 565-583; doi:10.3390/ijgi3020565. 

Mussina, A., Abdullayeva, A., Zhanabayeva, Z., Rakhimova, 

M., Akhmetova, M., Kozhakhmetova, U., Liu, T., Taukebayev, O. 

(2025) GIS and RS data-based morphometric analysis of the Talas 

river watershed characteristics, Hydrology Research, doi: 

10.2166/nh.2025.161. 



--52-- 

Nguyen, Q.-K., Bui, D.T., Hoang, N.-D., Trinh, P.T., Nguyen, 

V.-H., Yilmaz, I. (2017) A Novel Hybrid Approach Based on 

Instance Based Learning Classifier and Rotation Forest Ensemble 

for Spatial Prediction of Rainfall-Induced Shallow Landslides Using 

GIS, Sustainability 2017, 9, 813; doi:10.3390/su9050813 

Njiru, F.M., Siriba, D.N. (2018) Site Selection for an Earth 

Dam in Mbeere North, Embu County-Kenya, Journal of Geoscience 

and Environment Protection, 2018, 6, 113-133. 

Nowak, M.M., Dziób, K., Ludwisiak, Ł., Chmiel, J. (2020) 

Mobile GIS applications for environmental field surveys: A state of 

the art, Global Ecology and Conservation, 23 (2020) e01089. 

Nyeko, M. (2012) GIS and Multi-Criteria Decision Analysis 

for Land Use Resource Planning, Journal of Geographic Information 

System, 2012, 4, 341-348, 

http://dx.doi.org/10.4236/jgis.2012.44039. 

Pande, C.B., Moharir, K.N., Khadri, S.F.R. (2021) 

Assessment of land‑use and land‑cover changes in Pangari 

watershed area (MS), India, based on the remote sensing and GIS 

techniques, Applied Water Science (2021) 11:96. 

Patel, D.P., Dholakia, M.B. (2010) Feasible Structural and 

Non-Structural Measures to Minimize Effect of Flood in Lower Tapi 

Basin, WSEAS Transactions on Fluid Mechanics, Issue 3, Volume 5, 

July 2010, p.104-121, ISSN: 1790-5087 

Piras, G., Muzi, F., Zylka, C. (2024) Integration of BIM and 

GIS for the Digitization of the Built Environment, Appl. Sci. 2024, 

14, 11171. https://doi.org/10.3390/app142311171 

Price, R.K., Vojinovic, Z. (2008) Urban flood disaster 

management, Urban Water Journal, 5:3, 259-276, DOI: 

10.1080/15730620802099721 



--53-- 

Rangari, V.A., Umamahesh, N.V., Patel, A.K. (2021) Flood-

hazard risk classification and mapping for urban catchment under 

different climate change scenarios: A case study of Hyderabad city, 

Urban Climate 36 (2021) 100793. 

Sabde, Y., Diwan, V., Mahadik, V.K., Parashar, V., Negandhi, 

H., Trushna, T., Zodpey, S. (2020) Medical schools in India: pattern 

of establishment and impact on public health - a Geographic 

Information System (GIS) based exploratory study, BMC Public 

Health, (2020) 20:755, https://doi.org/10.1186/s12889-020-08797-0 

Santos, J.C., Lyra, G.B., Abreu, M.C., Andrade, C.D., 

Moster, C., Cunha‑Zeri, G., Zeri, G. (2023) Flood‑prone areas based 

on physiographic indices and multi‑criteria assessment for the basins 

of Ubatuba, on the mountainous North Coast of São Paulo State, 

Brazil, Environmental Earth Sciences (2023) 82:517, 

https://doi.org/10.1007/s12665-023-11207-4. 

Sarmah, K., Deka, C.R., Sharma, U., Sarma, R. (2018) Role 

of GIS Based Technologies in Sustainable Agriculture Resource 

Planning & Management Using Spatial Decision Support Approach, 

International Journal of Innovative Research in Engineering & 

Management (IJIREM), ISSN: 2350-0557, Volume-5, Issue-1, 

January-2018, DOI: 10.21276/ijirem.2018.5.1.7 

Sharma, S., Beslity, J.O., Rustad, L., Shelby, L.J., Manos, 

P.T., Khanal, P., Reinmann, A.B., Khanal, C. (2024) Remote Sensing 

and GIS in Natural Resource Management: Comparing Tools and 

Emphasizing the Importance of In-Situ Data. Remote Sens. 2024, 

16, 4161. https://doi.org/ 10.3390/rs16224161. 

Truden, C., Kollingbaum, M.J., Reiter, C., Schasché, S.E. 

(2022) A GIS-based analysis of reachability aspects in rural public 

transportation, Case Studies on Transport Policy 10 (2022) 1827–

1840. 



--54-- 

Tsihrintzis, V.A., Hamid, R., Fuentes, H.R. (1996) Use of 

Geographic Information Systems (GIS) in Water Resources: A 

Review, Water Resources Management, 10:251-277. 

Turoğlu, H. (2000) Coğrafi Bilgi Sistemlerinin Temel 

Esasları. Acar Matbaacılık ve Yayıncılık Hiz. A.Ş., İstanbul, 246s. 

Wahba, M., Sharaan, M., Elsadek, W.M., Kanae, S., Hassan, 

H.S. (2024) Building information modeling integrated with 

environmental flood hazard to assess the building vulnerability to 

flash floods, Stochastic Environmental Research and Risk 

Assessment, https://doi.org/10.1007/s00477-023-02640-9 

Wang, S., Zhang, L. (2024) A Review of GIS Technology 

Applications in Transportation Planning and Management, Scientific 

Journal of Technology, Volume 6 Issue 4, p.108-113, 2024. 

Yu, E., Zhang, M., Xu, Y., Zhang, S., Meng, Z., Hou, Y. 

(2021) The Development and Application of a GIS-Based Tool to 

Assess Forest Landscape Restoration Effects on Water Conservation 

Capacity, Forests, 2021, 12, 1291. 

https://doi.org/10.3390/f12091291  

Zeng, W., Chang, X., Lv, J. (2010) Design of Data Model for 

Urban Transport GIS, Journal of Geographic Information System, 

2010, 2, 106-112, doi:10.4236/jgis.2010.22016. 

Zhang, S., Wang, F. (2019) Three-dimensional seismic slope 

stability assessment with the application of Scoops3D and GIS: a 

case study in Atsuma, Hokkaido, Geoenvironmental Disasters, 

(2019) 6:9, https://doi.org/10.1186/s40677-019-0125-9. 

Zhao, L., Liu, Z., Mbachu, J. (2019) An Integrated BIM-GIS 

Method for Planning of Water Distribution System, ISPRS Int. J. 

Geo-Inf. 2019, 8, 331; doi:10.3390/ijgi8080331.  



--55-- 

Zhu, J., Tan, Y., Wang, X., Wu, P. (2021) BIM/GIS 

integration for web GIS-based bridge management, Annals of GIS, 

27:1, 99-109, DOI: 10.1080/19475683.2020.1743355. 

 



--56-- 

SEVERITY INDEX ANALYSIS OF 

CONSTRUCTION LABOR PRODUCTIVITY 

FACTORS IN LITERATURE DATA 

ABDULKADİR BUDAK4 

EMRE ÖZEN5 

İBRAHİM KARATAŞ6 

Introduction 

The issue of Labor productivity in building production has 

been the issue of much debate for a long time and still attracts 

attention (Thomas & ark., 1990; Horta & ark., 2013). The most 

important reasons is that the Labor in construction projects is more 

effective than in other sectors. Regarding building production, Labor 

productivity dramatically affects the project's cost, quality, and 

duration (Albriktsen & Forsund, 1990) (Palikhe, Kim & Kim, 2019) 

Because, unlike other services that require Labor, almost all building 

production stages require physical power; therefore, a lot of Labor is 
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needed (Afolabi & ark., 2018). For this reason, it is essential for the 

construction sector stakeholders to investigate the factors affecting 

construction Labor productivity in the building production stages 

and to increase the construction Labor productivity. So, it aims to 

determine the factors that affect the construction Laborers' 

productivity and to what extent they affect it in this study. When the 

literature on the subject is examined, it is seen that generally, RII and 

rarely SI analyses are performed. However, SI analysis was not used 

in the reviews. Looking at the difference between RII and SI 

analyses, it is seen that there is a big gap in this regard. Because SI 

analysis covers the importance of the factors and their frequency, 

thus, it puts together the most important and most common factors. 

This will obviously help identify and solve the majority of problems.  

This will reflect the SI value more accurately the effect of the highly 

encountered factors, considering the factors affecting construction 

Labor productivity. Thus, the number of factors with more 

importance and frequency will constitute most factors affecting 

Labor productivity. Therefore, SI analysis was used in this study. To 

examine the study systematically, first of all, the studies on the 

subject were determined. Then, it was investigated which data 

collection method was obtained from the data obtained from the 

studies and which analysis method was analyzed. Then, using the 

factors obtained according to the analysis results in the studies, the 

weights of the factors were determined according to the RII, FR, and 

SI values calculated. Finally, the data obtained were considered 

together, and the studies carried out within the scope of the literature 

were examined in detail. 

Material and Method 

In this study, sources obtained from the literature were used. 

These resources were obtained from the Web of Science, Google 

Scholar, Scopus, and Turkey YÖK Thesis Database. In this study, 

using the keywords "Labor productivity", "Labor productivity," and 
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"construction productivity," related publications, including the 

factors that affect construction Labor productivity in building 

production, were searched. The research flowchart shown in Figure 

1 was followed. In this context, the studies carried out between 1983 

and 2021 on the factors affecting construction labor productivity in 

building production, which were determined within the scope of the 

literature, were examined. Then, in the studies, it was determined by 

which method the data obtained in finding the factors affecting 

construction Labor productivity were obtained and which analyses 

were used. Then, the factors were classified under four titles, and the 

first 5 factors affecting construction Labor productivity the most 

were determined. The determined order of importance, RII (Relative 

Importance Index), FR (Frequency Rate), and SI (Severity Index) 

values were calculated as a new literature evaluation approach. 

When calculating the RII value, the order of importance of the 

factors affecting construction Labor productivity is taken as basis. 

According to the results of each study, the 1st factor was weighted 

by 5, the 2nd factor by 4, the 3rd factor by 3, the 4th factor by 2, and 

the 5th factor by 1 value. RII was calculated with the following 

Equation (Abdul Kadir & ark., 2005; Lim & Alum, 1995; Jarkas & 

Haupt, 2015) 

𝑅𝐼𝐼 =  
5 𝑛1+4 𝑛2+3 𝑛3+2 𝑛4+ 𝑛5

5 (𝑛1+𝑛2+𝑛3+𝑛4+𝑛5)
                                                          (1) 

The FR was calculated using the frequency of encountering 

the factors (Abdul Kadir & ark., 2005; Thomas & Sudhakumar, 

2014).This study took a number of factors in the papers as the 

frequency value. Therefore, the FR value is considered the ratio of 

the number of factors in each sub-factor class affecting worker 

productivity, seen in each article, to the total number of factors. Thus, 

the FR value was calculated with the following Equation 2. 

𝐹𝑅 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑎𝑐𝑡𝑜𝑟𝑠 𝑟𝑒𝑙𝑎𝑡𝑒𝑑 𝑡ℎ𝑒 𝑠𝑢𝑏𝑓𝑎𝑐𝑡𝑜𝑟 

𝑇𝑜𝑡𝑎𝑙  𝑓𝑎𝑐𝑡𝑜𝑟𝑠 𝑜𝑓  𝑖𝑛 𝑎𝑙𝑙 𝑠𝑢𝑏𝑓𝑎𝑐𝑡𝑜𝑟 𝑐𝑙𝑎𝑠𝑠 
                                   (2) 
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When calculating the SI value, it was calculated by 

multiplying the RII value of the factors affecting construction Labor 

productivity with the FR value. The SI value was calculated with 

Equation 3. 

𝑆𝐼 = 𝑅𝐼𝐼 ∗  𝐹𝑅                                                                                           (3) 

In the studies conducted, the findings obtained with the data 

obtained in finding the factors affecting Labor productivity, which 

analyses they used, and the results of the calculated RII, FR, and SI 

values were analyzed by interpreting them together. 

Figure 1. The flowchart to be followed in determining the factors 

that affect construction Labor productivity.  

 

The Research Findings and Discussion 

There are many studies on construction Labor productivity 

within the scope of building production in the literature. In these 

studies, different data collection, analysis, and evaluation methods 

were used. In this context, this study is analyzed in 3 phases. In phase 

1, used collection methods of data; In phase 2, used analysis methods 
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and in phase 3, the first 5 factors rank were determined. The factors 

that were similar and in the same category were named under a single 

title, and RII, FR, and SI values were calculated based on the 

importance order of these first five factors. 

• Phase 1 

Table 1 shows the data collection methods and sample sets 

used in studies that affect Labor productivity in building production. 

When Table 1 is examined, it is seen that the data collection 

approaches used in the studies and the selection of sample sets differ. 

Two data collection methods, mostly questionnaires and rarely 

interviews, are used in studies. A wide variety of sample sets were 

used as the sample set, primarily contractors, project managers, 

engineers, and rarely Laborers. 

• Phase 2 

Table 2 indicates the analysis methods used in studies that 

affect Labor productivity in building production. When Table 2 is 

examined, it is seen that the analysis methods used in the studies 

differ. In the studies, generally basic statistical analysis, relative 

importance index, rarely frequency index and severity index were 

used as data analysis methods. In the review studies, Severity index 

analysis was not used. 
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Table 1. Used data collection methods. 

Reference 

I 

/ 

Q 

Sample Set Reference 

I 

/ 

Q 

Sample Set 

(Olomolaiye & Ogunlana, 1989) 
Q Contractors 

(El-Gohary & 
Aziz, 2014) 

Q Consultants, Employer, Contractors 

(Lim & Alum, 1995: Q Contractors 

(Hughes & 

Thorpe, 2014) Q Project Managers 

(Zakeri & ark., 1996) 
Q Site Manager 

(Shashank, 

Sutapa & 

Kabindra, 
2014 

Q Construction Company 

(Kaming & ark., 1997) 
Q Project Managers 

(Robles & 

ark., 2014) 
Q Contractors 

(Liberda, Ruwanpura & Jergeas, 2003) 
I Industry Experts 

(Odesola, 

Otali & 

Ikediashi, 

2013) 

Q 
Contractors / Skilled Laborer / 

Supervisor 

(Makulsawatudom, Emsley & Sinthawanarong, 2004) 
Q Project Managers 

(Hickson & 

Ellis, 2014) Q Contractors 

(Abdul Kadir & ark., 2005) 

 
Q 

Consultant, Contractors,  

Investor Company 
(Jarkas, 2015) Q Project Managers 

(Doloi, 2007) 

 
Q Consultant, Formen, Contractors 

(Jarkas & 

Haupt, 2015) Q Contractors 

(Enshassi, Mohamed & Mayer, 2007) 

 
Q Contractors 

(Choudhry, 
2015) 

Q 
Laborers, Supervisors and 
Managers 
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(Ailabouni, Gidado & Painting, 2010) 

 
Q Consultant, Contractors, Engineers 

(Kazaz & 

Acıkara, 

2015) 
Q 

Craft Laborers and Project 

Manager 

(Sambasivan & Soon, 2007) Q Consultant and Contractors 

(Gerges & 

ark., 2016) 

 

Q 
Project Managers, Engineers, 

Architectures 

(Alinaitwe, 2009) 

 
Q Contractors 

(Li & ark., 

2016) Q Construction Laborers 

(Kazaz, Manisali & Ulubeyli, 2008) 

 
Q 

Project Managers,  

Construction Laborers 

(Thomas & 

Sudhakumar, 

2014) 
Q 

Project Manager, Engineer, 

Laborer 

(Dai, Goodrum & Maloney, 2009) 

 
Q Construction Laborers 

(Chigara & 

Moyo, 2014) 

 

Q Consultant, Contractors 

(Jang & ark., 2011) 

 
Q Manager, Formen, Laborers 

(Hafez, 2014) 

 
Q 

Contractors, Managers, Senior 

Engineers 

(Durdyev & Mbachu, 2018) 
Q 

Managers, Contractors and 
Subcontractor 

(Tam, 2021) 
Q Project Managers, Contractors 

(Ameh & Osegbo, 2011) 
Q Project Managers 

(Agrawal & 

Halder, 2020) Q Construction Laborers 

(Soekiman & ark., 2011) 
Q Contractors 

(Golchin-Rad 
& Kim, 2018) 

Q Construction project managers 

(Mohammed & Isah, 2012) 
Q Client, Contractors, Consultant 

(Momade & 

Hainin, 2019) 
Q 

Senior engineer, Consultants, 

Supervisors 

(Gundecha, 2013) 
Q 

Project Manager, Engineer, 

Architecture 

(Alaghbari, 
Al-Sakkaf & 

Sultan, 2019) 

Q Engineers and Consultants 
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(Ghoddousi & Hosseini) Q Contractors 

(Shoar & 

Banaitis, 

2019) 

I Project manager 

(Jarkas & Radosavljevic, 2013) 
Q Craftsman 

(Venkatesh & 

Saravana, 

2019) 

Q Construction Company 

(Mahamid, 2013a) 
Q Contractors 

(Teab & 

Chanvarasuth, 

2019) 

Q 
Project manager, Site manager, 

engineer 

(Naoum, 2016) 
Q 

Contract Administrators, Site 
Managers 

(Maqsoom & 
ark., 2020) 

Q Construction Company 

(Hiyassat, Hiyari & Sweis, 2016) 
Q Engineers, Formen 

(Durdyev & 

Mbachu, 

2018) 

Q Contractors, Project Managers 

(Bekr, 2016) Q 
Employer, Consultants, 

Contractors 

(Afolabi & 

ark., 2018) 
Q 

Contractors, Site Engineer, Project 

Managers 

(Dixit & ark., 2017) Q Site Engineer, Project Managers 
(Ohueri & 

ark., 2018) 
Q Laborer, Civil Engineer 

*Questionnaires (Q) / Interviews (I)  
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Table 2. Used analysis methods. 

Reference Analysis Methods Reference 
Analysis 

Methods 

(Olomolaiye & Ogunlana, 1989) RI 

(Hiyassat, 

Hiyari & 

Sweis, 2016) 

Mean, Standard 
Deviation, RII 

(Lim & Alum, 1995) RII 
(Bekr, 2016) 

RII 

(Zakeri & ark., 1996) RII 
(Dixit & ark., 

2017) 
RII 

(Kaming & ark., 1997) Rank 
(Durdyev & 
Mbachu, 

2018) 

Bartlett’s test of 
sphericity, 

Meyer-Olkin test 

(Liberda, Ruwanpura & Jergeas, 2003) There is no method 
(Afolabi & 

ark., 2018) 

Mean, Rank, 
Pearson 

Correlation, 

Analysis of 
Variance 

(Makulsawatudom, Emsley & Sinthawanarong, 2004) RI 
(Ohueri & 

ark., 2018) 
RII 

(Abdul Kadir & ark., 2005) RI, SI 
(Golchin-Rad 
& Kim, 2018) 

AHP and SEM 

(Doloi, 2007) Composite Factor Reliability, Average Variance, RII 
(Momade & 

Hainin, 2019) 
RII 

(Enshassi, Mohamed & Mayer, 2007) RI 
(Alaghbari, 
Al-Sakkaf & 

Sultan, 2019) 

RII 

(Ailabouni, Gidado & Painting, 2010) RI, FI, SI 
(Palikhe, Kim 

& Kim, 2019) 

Kaiser–meyer–
olkin, Bartlett 

test of sphericity 

(Sambasivan & Soon, 2007) RI 

(Shoar & 

Banaitis, 
2019) 

RII 
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(Alinaitwe, 2009) Standard Deviation, Variance 

(Venkatesh & 

Saravana, 

2019) 

Rs mean method, 
CII method  

(Kazaz & Acıkara, 2015) RI 

(Teab & 

Chanvarasuth, 

2019) 

Skewness, 

Kurtosis, Index 

test 

(Dai, Goodrum & Maloney, 2009) RI 
(Maqsoom & 

ark., 2020) 

Range, Standard 

Deviation, Rank 

(Jang & ark., 2011 Correlation 
(Agrawal & 

Halder, 2020) 
RII 

(Durdyev & Mbachu, 2018) Mean Rating (Tam, 2021) 
RII, Mean, 
Standard 

Deviation 

(Ameh & Osegbo, 2011) Regression, Mean, Rank 
(Yi & Chan, 
2013) 

Critical review 

(Soekiman & ark., 2011) RII, Rank 
(Naoum, 

2016) 

State of the Art 

and RII 

(Mohammed & Isah, 2012) Mean 
(Hamza & 
ark., 2022) 

Data clustering 

(Gundecha, 2013) RI, Two-tailed Test 
(Choudhry, 

2015) 
Mean, T test 

(Jarkas & Radosavljevic, 2013) RII 
(Kazaz & 
Acıkara, 

2015) 

RII 

(Ghoddousi & Hosseini, 2012) 
Kolmogrov Smirnov, Rank 

(Gerges & 

ark., 2016) 
RII 

(Mahamid, 2013b) RI, Group RI, Weighted Average, Standard Deviation, Variance 
(Li & ark., 

2016) 
Mean - Range 

(Mahamid, 2013a) RI, FI, SI 
(Shan & ark., 
2011) 

T-test 

(Thomas & Sudhakumar, 2014) RI, FI, SI, Rank 
(Naoum, 

2016) 
RII 

(Chigara & Moyo, 2014) Mean, RII, Rank 
(Robles & 
ark., 2014) 

RII 
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(Hafez, 2014) RII 

(Odesola, 

Otali & 

Ikediashi, 
2013) 

Mann-Whitney u 

test, T test 

(El-Gohary & Aziz, 2014) RII 
(Hickson & 

Ellis, 2014) 
RII, Rank 

(Hughes & Thorpe, 2014) RI (Jarkas, 2015) RII, Rank 

(Shashank, Sutapa & Kabindra, 2014) Kmo and Bartlett’s test 
(Jarkas & 
Haupt, 2015) 

RII 
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• Phase 3 

Figure 2 indicates the distribution of articles published 

between 1983-2021 that the factors affect the construction Labor 

productivity by years. According to Figure 2, it is understood that in 

the last ten years, articles on the subject have intensified. Figure 3 

indicates the distribution of articles published between 1983-2021 

on factors affecting construction Labor productivity by continents. 

According to Figure 3, it is understood that articles on the subject are 

concentrated in the Asian continent, but very few articles are 

published on other continents. When the studies in the literature are 

examined, in some of the studies, the factors were classified 

(Thomas & ark., 1990; Odesola, Otali & Ikediashi, 2013; Maqsoom 

& ark., 2020; Tam, 2021); in some, the factors were not classified 

(Makulsawatudom, Emsley & Sinthawanarong, 2004; Durdyev & 

Mbachu, 2018; Jarkas, 2015), and in others, only certain factors were 

studied without classification. In this study, the basis of the study 

was formed based on the most essential first five factors determined 

as a result of each study in the literature, without considering the 

classifications. The most essential five factors, according to the 

article of each study in the literature on the subject, are summed up 

in Table 3. Table 3 shows that the same factors are defined under 

different names in different studies. For example, while (Olomolaiye 

& Ogunlana, 1989) and (Kaming & ark., 1997) determined a factor 

called "Lack of Materials" in their studies, (Enshassi, Mohamed & 

Mayer, 2007) and (Zakeri & ark., 1996) defined a factor called 

“Material Shortage”. However, it is complicated and Laborious to 

examine one by one in this way. Therefore, different named factors 

with the same meaning should be evaluated in the same category. 

Thus, it is clear that examining similar factors and factors that can 

be assessed in the same category by combining them under the same 

group will be more effective in obtaining a result. Therefore, by 

examining the first five most important factors in Table 3, factors 
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with the same meaning and likely to be under the same group were 

combined under a single sub-factor class. 

Figure 2. Number of articles about construction labour 

productivity published by year. 

 

Figure 3. Distribution of articles about construction labour 

productivity according to continents 

 

Classification of the factors 

As seen in Table 3, the factors affecting construction Labor 

productivity are arranged according to the importance of the first five 
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factors determined by the authors due to the analyses made in the 

studies. To effectively examine these factors, factors with the same 

name, those with similar names, and those in the same category 

should be classified within themselves. Considering the data 

obtained within the scope of the literature, the factors affecting 

construction Labor productivity were classified under different titles. 

In this study, the factors affecting construction Labor productivity 

were classified under four titles. These titles are management, 

technical, human, and external factors. Among the factors under 

these main factors, sub-factors belonging to the primary factors were 

formed by grouping those in the same category. Relative importance 

indices were determined based on the first five rows of the factors 

forming these sub-factor groups, and frequency ratios were 

determined based on the ratio of the number of sub-factors in the 

group to the total factor. Then, the severity indices were calculated 

by multiplying the relative importance indices and the frequency 

ratio. The weights of the factor classes were determined according 

to the calculated RII, FR, and SI values. Thus, factors can be 

interpreted with FR and SI values, not just RII values. 
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Table 3. The first five factors according to reference in the literature that affect construction Labor 

productivity. 

Ref 1. factor 2. factor 3. factor 4. factor 5. factor 

(Enshassi, 
Mohamed & 

Mayer, 2007) 

shortage of 

materials 
less experience poor supervision 

misunderstanding 
between Labor and 

supervision 

change orders 

(Abdul Kadir & 
ark., 2005) 

shortage of 
materials 

default payments Ordering of changes late instructions 
Poor construction 

management 

(Palikhe, Kim & 
Kim, 2019) 

unavailable of 

tools on time at 

the worksite 

delay in arrival of 
materials 

procurement delay less incentive 
material payment 

delay 

Afolabi & ark., 
2018) 

availability of 

equipment and 

material 

supervision Methods of construction Welfare on site weather condition 

(Lim & Alum, 

1995) 

difficult in 
recruitment of 

supervisors 

difficult in recruitment of 

workers 

high rate of Labor 

turnover 

absenteeism at the work 

site 

communication 

problems with 

foreign workers 
 

(Jarkas & Haupt, 

2015) 
error in drawings change orders instruction delay poor supervisions 

clarity of project 

specifications 

(Olomolaiye & 

Ogunlana, 1989) 
less of materials rework lack of equipment supervision delays 

absenteeism, and 
interference 

 

(Zakeri & ark., 

1996) 

shortage of 

materials 

weather and site 

conditions 
equipment breakdown 

Deficiencies of 

drawinqs /change 
orders 

Less tools  

(Kaming & ark., 

1997) 
less material rework 

absenteeism of 

operatives 
less tools - 

(Liberda, 
Ruwanpura & 

Jergeas, 2003) 

Worker 

experience  
Worker skills  - -  - 
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(Makulsawatudom, 

Emsley & 

Sinthawanarong, 
2004) 

less material incomplete drawing incomplete supervisors 
lack of tools and 

equipment  
absenteeism 

(Doloi, 2007) 
lack of 

commitment 

inefficient site 

management 
poor site condition improper planning 

Not having 

enough clarity 
scopes of project 

(Ailabouni, 

Gidado & 

Painting, 2010)  

proper work 
timings 

leadership skills of 
supervisors 

salaries on time technical qualified 
reasonably 

well-paying job  

(Sambasivan & 

Soon, 2007) 

Not having 

enough planning 
financial constraints subcontractor problems shortage of materials Labor supply 

(Alinaitwe, 2009) 
incompetent 

supervisor 
less skills rework 

lack of tools and 

equipment 

poor construction 

methods 

(Kazaz, Manisali 

& Ulubeyli, 2008) 

quality of site 

management 
- - - - 

(Jang & ark., 

2011) 
safety accident Manager capability work continuity construction plan work method 

(Durdyev & 

Mbachu, 2018) 
poor leadership poor planning 

inadequate construction 

methods 
poor Labor supervision 

ineffective 

communication 

(Ameh & Osegbo, 

2011) 

use of wrong 

construction 
method 

absence of materials 
inaccurate drawings 

specifications 

inadequate tools and 

equipment 

poor supervision 

of operatives 

(Soekiman & ark., 

2011) 
less material 

delay in arrival of 

materials 

unclear instruction to 

Laborer 
Worker protests 

financial 

difficulties of the 

owner 

(Mohammed & 

Isah, 2012) 

improper 

planning 
less communication shortage of material design factors 

Slow decision 

making 

(Gundecha, 2013) lack of material shortage power/water accidents less machinery 
poor site 

conditions 

(Jarkas & 

Radosavljevic, 
2013) 

Delay of 

payments  
More rework 

absent of financial 

incentives 
change orders Poor supervisors 
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(Ghoddousi & 

Hosseini, 2012 

construction 

methods 
site manager experience less proper tools inexperienced operative 

Less site 

managers ability 

(Mahamid, 2013a) 
Less Labor 

experience 

less communication and 

coordination between 

bad relations between 
Labor and management 

team 

payments delay by 

owner 

misuse of time 

schedule 

(Thomas & 

Sudhakumar, 

2014) 

less material More construction parties Absent of Drawing  less equipment Less wages 

(El-Gohary & 
Aziz, 2014) 

less experience 
and skill 

incentive programs 
availability of the 

material  

leadership and 

competency of 
construction 

management 

Labor supervision 
Competencies 

(Hughes & 

Thorpe, 2014 
More rework less supervisions Less competency incomplete of drawings 

 overload of 

works 

(Shashank, Sutapa 
& Kabindra, 2014) 

Less motivation 
Not having enough 

manpower 
Less material 

Safety of construction 
site 

Construction 

project 

management 

(Robles & ark., 
2014) 

skills and 
experience’s level 

adapt to changes  motivation of labors integrity breaks number 

(Odesola, Otali & 

Ikediashi, 2013) 

craft workers’ 

pride from works 
less skills Reworks issues 

Supervisors’ 

incompetent  

issues  of 

personal  

(Hickson & Ellis, 
2014) 

lack of Labor 
supervision 

unrealistic scheduling 
and Labor performance 

shortage of experienced 
Labor 

construction manager's 
lack of leadership skills 

Laborers Skills 

(Jarkas, 2015) Labor skills 
coordination to orders 

during execution 

delay in responding to 

request for information 
Less Labor supervision 

Less clarity of 

projects’ 

specifications 

(Choudhry, 2015) Labor skills education experience better communication budget safety 

(Kazaz & Acıkara, 

2015) 
insurance Payments on time Pay amounts 

conditions of dining 

hall and dorm  
safety conditions 

(Gerges & ark., 

2016) 

delay in material 

delivery on site 
delays of payments undisciplined Labor material shortage - 

(Li & ark., 2016) ages  Less experience  - - - 

(Naoum, 2016) Less experience design errors buildability project planning communication 
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(Hiyassat, Hiyari 

& Sweis, 2016) 

feeling of 

achievement 
Less experience use of foreign workers scheduling use of machinery 

(Bekr, 2016) 
poor planning shortage of materials equipment shortage shortage of labors 

poor site 
management 

(Dixit & ark., 

2017) 
decision making planning logistics Labor availability budget 

(Ohueri & ark., 

2018) 

effective 

management and 

supervision 

financial incentives 
training and 

development 

safe and friendly 

working environment 

career 

progression 

(Momade & 

Hainin, 2019) 
achievement 

proper recognition and 

rewards 
interesting work 

involvement in decision 

making 

adequate training 

and development 

(Alaghbari, Al-

Sakkaf & Sultan, 

2019) 

Labor’s 

experience and 

skills 

availability of materials 
in site 

leadership  
availability of materials 

in site 
political and 

security situation 

(Shoar & Banaitis, 
2019) 

unrealistic 
schedule 

excessive number of 
Laborers 

rework Late payment 
workforce 
overtime 

(Venkatesh & 

Saravana, 2019) 

non-availability 

of clear work 
front 

no proper planning skill of the worker no proper supervision 

coordination 

between 
equipment 

(Teab & 

Chanvarasuth, 

2019) 

project planning labor skills 
worker motivation and 

commitment 
material supplier rework 

(Maqsoom & ark., 

2020) 

Experience of 

organizations 

understanding of nature 

of work 

 

supervisor’ trust 

competition among 

employees 

Experience of 

worker 

(Agrawal & 

Halder, 2020) 

Labor personal 

problem 

improper managerial 

skills 
scheduling of work high/low temperature 

schedule 

compression 

(Tam, 2021) 

ability of 

construction 

management 

financial status of stake 
holders 

work discipline rework design changes 

(Mahamid, 2013b) political situation equipment shortages 
old and inefficient 

equipment 

lack of Labor 

experience 

poor site 

management 

(Shan & ark., 

2011) 

effective 

management 
programs 

material management & 

safety programs 
- - - 
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(Hamza & ark., 

2022) 

incompetent 

supervisors/poor 

management and 
planning 

less 

materials/tools/equipment 

work 

effectiveness/experience 

lack of 

commitment/motivation 

worker 

efficiency/skills 

(Maloney, 1983) work intensity duration of work work effectiveness 
worker efficiency 

 
- 

(Cooper, 2005) overtime works safety realistic goals use of technology 
communication 

 

(Durdyev & 

Mbachu, 2011) 
rework 

level of workforce 

skills/experience 

adequacy of 

construction methods 
buildability issues 

coordination 

issues 

(Tahir & ark., 

2014) 

Labor’s 

experience and 
skills 

incentive programs 

availability of the 

material and ease of 
handling 

leadership and 
competency of 

construction 

management 

Competency of 

Labor supervision 

(Kabiru & ark., 

2017) 

lack of skilled 

workers 
material delay weather access to site staff 
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Classification of Management Factors, RII, FR, SI and Rank 

values 

The RII, FR, SI, and Rank values found the analysis of the 

factors included in the sub-factors class under the title of 

management factors in the literature studies are shown in Table 4. A 

result of the findings, according to the RII values of the management 

factors, it is seen that the first three factors related to work, 

encouragement, and planning are the most important, respectively. 

However, when the SI values are examined, it is seen that the first 

three factors, respectively, are those related to leadership and 

management, factors related to supervision, and factors related to 

planning. In this context, it is coming out that the degree of influence 

of the factors related to leadership, management, and supervision is 

high but less important in building production. The reason for this is; 

In building production, it can be said that the factors related to 

leadership, management, and supervision are given less importance, 

but the problems related to these factors are much more. In addition, 

it is coming out that the factors related to work and encouragement 

have a high degree of importance but have little impact on building 

production. When RII and SI values are evaluated together, factors 

related to planning are much more important than others, according 

to Table 4. 

Classification of Human Factors, RII, FR, SI and Rank values 

The RII, FR, SI, and Rank values found as a result of the 

analysis of the factors included in the sub-factors class under the title 

of human factors in literature studies are shown in Table 5. As a result 

of the findings, according to the RII values of the management 

factors, it is seen that the first three factors related to work, 

encouragement, and planning are the most important, respectively. 

However, when the SI values are examined, it is seen that the first 

three factors, respectively, are the factors related to Laborer skills 
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and experiences, personal problems, education and improvement, 

and communication. In this context, it is understood that the factors 

related to the skills and experiences of the Laborer are the highest 

importance and the degree of influence in the production of 

buildings. It is seen that the degree of importance of the factors 

related to education and improvement is higher than the degree of 

influence. This is because the factors related to education and 

progress are more important in building production. Still, the 

problems associated with this factor in building production are less. 

On the contrary, it is seen that the degree of influence of factors 

related to personal problems and communication is higher than the 

degree of importance. This is because; It depends on the fact that the 

importance of personal problems and communication-related factors 

in building production is low according to the degree of impact, but 

the frequency of encountering them in building production is high. 

When RII and SI values are evaluated together, factors related to the 

skills and experiences of the Laborer are much more important than 

others, according to Table 5.  

Classification of Technical Factors, RII, FR, SI and Rank 

values 

The RII, FR, SI, and Rank values found as a result of the 

analysis of the factors included in the sub-factors class under the title 

of technical factors found in the literature studies are shown in Table 

6. According to the RII values, the first three most influential factors 

are, respectively, the factors related to the rework of the faulty work, 

the materials and equipment, the drawing and planning. However, 

when the SI values are examined, it is seen that the first three factors 

are factors related to materials and equipment, reworking the faulty 

work, drawing and planning. In this context, it is understood that the 

factors associated with the rework of the defective work are of the 

highest degree, but the degree of influence in the production of the 

building is less. The degree of influence of the factors related to 
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materials and equipment is higher than the degree of importance, and 

the degree of importance and impact of the factors related to drawing 

and planning is equal. The reason is that in building production, it 

can be said that materials and equipment are given less importance 

than those related to faulty construction. Still, the problems related 

to the factors related to materials and equipment are much more. 

When RII and SI values are evaluated together, factors related to 

materials and equipment and factors about reworking faulty works 

are much more important than others, according to Table 6. 

Classification of External Factors, RII, FR, SI and Rank values 

The RII, FR, SI and Rank values of the factors included in 

the sub-factors class under the title of external factors found in the 

literature studies are shown in Table 7. For RII values, it is seen that 

the first three most influential factors are, respectively, factors 

related to weather conditions, site conditions, political situation, 

refectory, and conditions of comfort. However, when the SI values 

are examined, the first three factors related to the site conditions, the 

weather conditions, the political situation, the refectory and the 

needs of comfort. In this context, it is understood that the factors 

related to weather conditions are of the highest degree. Still, the 

degree of impact on building production is less than the factors 

related to site conditions. It is seen that the degree of influence of the 

factors related to site conditions is higher than the degree of 

importance. The reason is that it can be said that in building 

production, less priority is given to the factors related to the site 

conditions, but the problems related to these factors are much more. 

The factors related to the political situation, the refectory, and the 

conditions of comfort are of equal importance and influence. When 

RII and SI values are evaluated together, factors related to site 

conditions are much more important than others, according to Table 

6. 
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RII, FR, SI, Rank Values of All Sub-Factor Classes That Affect 

Construction Labor Productivity 

RII, FR, SI, and Rank values found as a result of the analysis 

of all sub-factors in the literature studies that affect construction 

Labor productivity and the factors included in each sub-factor class 

are shown in Table 8. Considering only the sub-factor classifications 

of all the sub-factors found in the studies without the main factor 

classification, the first three sub-factors according to the Rank SI are 

respectively, materials and equipment, Laborer skills and 

experience, leadership and management. But according to the Rank 

RII order, the first three factors are respectively; factors related to 

work, Laborer skills and expertise, and reworking the faulty work. 

In this context, while the importance of the factors related to 

“materials and equipment” and leadership is relatively low in 

building production, it is understood that the degree of impact is high 

due to the many problems encountered with these factors. It is seen 

that the factors related to Laborer skills and experience are both 

important and in the second order. Therefore, it is clear that the 

impact of factors related to Laborer skills and experience on Labor 

productivity is much more significant than for other sub-factor 

classes. When RII and SI values are evaluated together, materials and 

equipment and factors about Labor skills and experiences are much 

more important than others, according to Table 8. 
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Table 4. Classification, RII, FR, SI values and Rankings of Management Factors 

Sub-factors related to management factors RII Rank RII FR Rank FR SI Rank SI 

Leadership and management related factors 0,60 5 0,17 1 10,14 1 

Supervision related factors 0,57 7 0,15 2 8,87 2 

Planning related factors 0,66 3 0,13 3 8,31 3 

Payment related factors 0,57 7 0,13 3 7,61 4 

Work related factors 0,76 1 0,06 5 4,79 5 

Laborers related factors 0,58 6 0,07 4 4,08 6 

Contract and communication related factors 0,62 4 0,06 5 3,94 7 

Safety related factors 0,55 8 0,06 5 3,10 8 

Encouraging related factors 0,67 2 0,04 7 2,82 9 

Change order related factors 0,57 7 0,04 7 2,39 10 

Project related factors 0,46 9 0,05 6 2,25 11 

Decision-making related factors 0,55 8 0,03 8 1,55 12 

Table 5. Classification, RII, FR, SI values and Rankings of Human Factors  

Sub-factors related to human factors RII Rank RII FR Rank FR SI Rank SI 

Laborer skills and experience related factors 0,75 1 0,51 1 38,11 1 

Personal problem related factors 0,65 3 0,21 3 13,58 2 

Education and improvement related factors 0,67 2 0,11 4 7,55 3 

Communication related factor 0,44 4 0,17 2 7,55 3 

Table 6. Classification, RII, FR, SI values and Rankings of Technical Factors  

Sub-factors related to technical factors RII Rank RII FR Rank FR SI Rank SI 

Materials and equipment related factors 0,65 2 0,59 1 38,46 1 

Reworking a faulty work-related factor 0,68 1 0,13 4 8,72 2 

Drawing and planning related factors 0,56 3 0,14 2 7,95 3 

Inadequate and wrong construction methods related factors 0,51 4 0,14 2 7,18 4 
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Table 7. Classification, RII, FR, SI values and Rankings of External Factors  

Sub-factors related to external factors RII Rank RII FR Rank FR SI Rank SI 

Site condition related factors 0,65 2 0,59 1 38,46 1 

Weather conditions related factors 0,68 1 0,13 4 8,72 2 

Political situation related factors 0,56 3 0,14 2 7,95 3 

Refectory and the conditions of comfort related factors 0,51 4 0,14 2 7,18 4 

Table 8. RII, FR, SI values and Rankings of all sub-factors of all groups 

Total sub-factors RII Rank RII FR Rank FR SI Rank SI 

Materials and equipment related factors 0,65 6 16,08 1 10,49 1 

Laborer skills and experience related factors 0,75 2 9,44 2 7,06 2 

Leadership and management related factors 0,60 8 8,39 3 5,03 3 

Supervision related factors 0,57 10 7,69 3 4,41 4 

Planning related factors 0,66 5 6,29 5 4,13 5 

Payment related factors 0,57 10 6,64 4 3,78 6 

Personal problem related factors 0,65 7 3,85 6 2,52 7 

Work related factors 0,76 1 3,15 7 2,38 8 

Reworking a faulty work-related factor 0,68 3 3,50 7 2,38 8 

Drawing and planning related factors 0,56 11 3,85 6 2,17 9 

Laborers related factors 0,58 9 3,50 7 2,03 10 

Contract and communication related factors 0,62 7 3,15 7 1,96 11 

Inadequate and wrong construction methods related factors 0,51 14 3,85 6 1,96 11 

Safety related factors 0,55 12 2,80 7 1,54 12 

Encouraging related factors 0,67 4 2,10 8 1,40 13 

Education and improvement related factors 0,67 4 2,10 8 1,40 13 

Communication related factors 0,44 17 3,15 7 1,40 13 

Change order related factors 0,57 10 2,10 8 1,19 14 

Project related factors 0,46 16 2,45 8 1,12 15 

Site condition related factors 0,52 13 1,75 8 0,91 16 

Decision-making related factors 0,55 12 1,40 9 0,77 17 

Weather conditions related factors 0,50 15 1,40 9 0,70 18 

Political situation related factors 0,40 18 0,70 9 0,28 19 

Refectory and the conditions of comfort related factors 0,40 18 0,70 9 0,28 19 
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Results 

Among the total efficiency factors in building production, the 

Labor productivity factor can be considered the most important. 

Because Labor productivity is mainly based on Labor and is affected 

by any situation that affects labor. Labor productivity has a dynamic 

structure as it varies in terms of the factors it is affected by. This 

situation keeps the popularity of Labor productivity alive and 

increases the importance of related research. In this context, it aims 

to examine the factors affecting Labor productivity. First, a general 

literature review was conducted in the study. Second, it was 

determined by which method the data of the studies examining the 

factors affecting Labor productivity were collected, which sample 

set was applied, and which analysis method was used. Then, the 

factors in the determined studies were generally classified under four 

titles within the scope of the classifications determined in the studies. 

The factors belonging to each class were grouped within themselves 

and sub-factors were formed. Finally, the RII, FR, SI and Rank 

values of the factors in the sub-factors of each type were calculated 

based on the order of importance in the articles. A total evaluation 

was made within the findings obtained. During the assessment, it 

was observed that the RII and SI values of some factors were 

different. The reason is that the FR values of the factors differ 

according to the factor classes. For example, suppose there is only 

one factor in a sub-factor class. The fact that this factor is in the 1st 

rank in an article will be enough to move its importance to the 1st 

rank. However, since the FR value will be minimal, the SI value will 

be quite low. In this context, it is essential to consider the importance 

of indices and the severity indices in evaluating the main factor and 

sub-factor classes. So, it is clear that it would be more accurate to 

interpret the factors together with SI values, not just RII values. 

When the findings of the study are analyzed in this context, the 

results of the evaluation can be summed up as follows: 



--82-- 

• Generalization has been made under four titles: management, 

human, technical, and external factors affecting Labor 

productivity. These main factor titles are divided into sub-

factor classes by combining the similarities of the factors 

with each other and the ones in the same cluster. 

• When the management main factor is examined, the first 

three sub-factor classes with the highest SI values are 

“leadership and management,” “supervision,” and 

“planning,” respectively.  

• When the human main factor is examined, the two sub-factor 

classes with the highest SI value are the factors related to 

“Laborer skills and experiences” and “personal problems”. 

• When the technical main factor is examined, the sub-factor 

class with the highest SI value is the factors related to 

“materials and equipment”. 

• When the external main factor is examined, the sub-factor class 

with the highest SI value is the factors related to “site conditions” 

and “weather conditions”. 

• The sub-factor class, which has both a high degree of importance 

and impact based on the main factor of management, are factors 

related to “planning”. 

• The sub-factor class, which has a high degree of importance and 

impact based on the human main factor, is related to the “skills and 

experiences of the Laborer”. 

• When all sub-factor classes are compared, the first 3 sub-

factor classes with the highest SI value are “materials and 

equipment”, “Laborer skills and experiences”, and 

“leadership and management-related factors”, respectively. 

• When all sub-factor classes are compared, the sub-factor 

class, which has both a high degree of importance and 
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impact, is the factors related to “Laborer skills and 

experiences”. 

• Within the scope of the results obtained, the RII, FR, SI and 

Rank analysis method used in evaluating this study, which is 

a new and different analysis of literature review, is a 

remarkable study in terms of setting an example for other 

similar studies. 

• There are very few studies that examine the effects of factors 

related to "trust," "good morals" and "religious beliefs" under 

the title of personal factors. However, in many studies, the 

importance of these factors in construction management has 

been emphasized. 

• There are few studies on the practical application of factors 

affecting Labor productivity. The practical application of 

these factors may have different positive implications for 

how to perform construction management better. 

By using the findings obtained as a result of this study, the 

method of evaluation of the findings, and the results achieved, a new 

general classification for the factors affecting Labor productivity 

and/or new sub-factor groups can be created by adding different 

factors. According to the results of this study, in addition to the gaps 

mentioned above, studies can be diversified by using data collection 

methods, data analysis methods, different sample sets, and new 

factors that were not used in the studies. Thus, the gaps related to the 

subject identified in this study can be filled. In this context, it is 

hoped that this study will contribute to academic studies, Labor-

intensive sectors, construction management, and construction 

production stakeholders in the private sector. 
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Recommendations 

Examining the factors affecting Labor productivity makes it 

easier to understand what is known about the subject and identifies 

the gaps in the factors affecting Labor productivity through the order 

of importance of the factors and the frequency of encountering the 

factors. This study's gaps help identify new research first on factors 

affecting Labor productivity. It can be done as a continuation of this 

study to do new qualitative research by asking how the identified 

factors should be applied to the construction parties in practice. It 

will be crucial in the construction industry and other Labor-intensive 

sectors to continue the research in different geographies. This can 

guide other industry stakeholders in increasing productivity by 

showing the variation of factors affecting Labor productivity by 

industry. In this regard, studying how factors affect other industries 

is essential, and this subject could be studied in academic. By 

classifying the factors that impact Labor productivity most, 

interactions between classes can be analyzed statistically. In 

addition, only the most important factors or the causes of the factors 

with little effect and the effect of these determined causes on the 

factors can be investigated. This could be a potential subject of 

academic study in the future. Thus, considering the factors, measures 

can be developed against obstacles to increase Labor productivity. 

For parties in the construction industry, employers, contractors, 

designers, materials supply chain, and especially in construction 

management, project managers, site managers, field engineers, even 

foremen and regular Labors, acting on the basis of these factors are 

likely to help meet needs at all levels. Another critical point is that it 

is essential to know the factors affecting productivity, but knowing 

the level of impact of these factors on cost is at least as important as 

knowing the factors. Associating the level of impact of factors on 

price with the work program will be very important in maximizing 

efficiency. Future studies determining the cost coefficients of the 
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factors identified in this study will fill an essential gap in the 

academic and private sectors. 

Implications for Construction Management 

In construction management, each person responsible needs 

to know how significant the effect of these factors is. Because these 

factors reflect the views and wishes of the Labors about the work 

through the answers given by the Labors without being under any 

influence, considering these factors, it is undoubted that meeting the 

demands of the Labors at a reasonable level will significantly 

increase their commitment to work and accordingly worker 

productivity (Osa & Amos, 2014). On the other hand, factors 

affecting worker productivity are a situation that should be examined 

under the title of leadership in construction management. 

Considering this situation will not only positively affect worker 

productivity (Jarkas & Bitar, 2012) but also increase technical 

personnel productivity and create integrity at all levels of 

management. Thus, in construction management organizations, it is 

hoped that considering suitable factors for each level will positively 

increase the success of construction management at all levels. In this 

context, it is vital to inform every level of construction management 

about the importance and implementation of the subject, to develop 

the companies' policies in this direction, to organize training 

activities on the firstic, to create awareness, and to internalize it as a 

culture. 

Limitations 

This article presents a literature review in construction 

management based on four databases (Web of Science, Google 

Scholar, Scopus, Türkiye YÖK Thesis Database). The field can be 

expanded in future literature reviews by adding other databases and 

areas examining Labor-intensive sectors. In addition, the literature 

review presented in this article is based on the most used terms 
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related to Labor productivity, and different/unused new factors can 

be used in future studies. In addition, most of the article data sets 

used in the study consist of technical personnel. In other words, the 

results obtained are more suitable for technical personnel. Therefore, 

it is essential to customize novel studies by considering this 

academic gap in future studies. 
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