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ABSTRACT 

 Estimating cost at the conceptual phase of highway earthwork construction projects is 

challenging owing to the limited amount of information present at the initial stages. Methods that 

have applied in the past to perform such estimates are regression, mathematical equations, 

artificial intelligence and others. The objective of this research is to use two spatial statistical 

methods – indicator kriging and empirical Bayesian kriging – together with exponential, whittle 

and k-Bessel semi-variograms to build an appropriate model to predict highway earthwork 

construction cost at the conceptual stage. Iowa Department of Transportation provided the data 

for the study. The cross-validation results were used to compare the performance of the kriging 

algorithms. It was observed that the exponential semi-variogram showed better performance for 

both types of kriging when they were analyzed separately. However, indicator kriging results 

were more accurate than empirical Bayesian kriging when they were compared for the same type 

of semi-variogram. 
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1. INTRODUCTION 

1.1. Background 

Conceptual cost estimation is a kind of cost estimate that is prepared when the design for 

the project is 30% complete (Asmar et al. 2011). Conceptual cost estimation is key to the success 

in construction projects in which the project is said to be successful if the cost estimate is done 

accurately (Roxas et al. 2019). An accurate cost estimate will help construction project managers 

make good financial decisions (Sodikov 2005). When cost is accurately estimated, both the 

contractor and the client can secure good revenue and can have better control of project 

resources/funds (Roxas et al. 2019). As the project nears completion, the accuracy level of the 

cost estimation increases as more project information becomes available (Sodikov 2005).  

Earthwork is a crucial component of highway construction and it is considered one of the 

most complicated processes in the construction of a highway project (Bogenberger et al. 2015). 

Earthwork encompasses drilling, blasting, moving, filling, and compacting vast amounts of 

granular materials (Bogenberger et al. 2015). Earthwork is costly and entails significant social 

and environmental impacts on the area surrounding the construction site (Bogenberger et al. 

2015). Thus, there is a need for a better method to estimate the cost of a highway earthwork 

project at the conceptual phase.  

1.2. Problem Statement 

Earthwork accounts for the highest share of overall highway construction cost, as it 

involves the ownership and operating cost of heavy equipment used in the construction process 

(Lewis and Hajji 2012). Earthwork is the most extensive and tedious part when compared to 

other highway construction bid items, and it involves excavating, transporting, spreading, and 

compacting large quantities of soils (Bogenberger et al. 2015). Similarly, Uhlik (1984) stated that 
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earthwork construction involves the greatest amount of construction work on a given project and 

it can bring a significant risk to the project if estimated inaccurately. 

Crucial factors that affect the reliability of a construction project estimate include price 

increases, interruptions, and cost overruns (Roxas et al. 2019). It is particularly challenging to 

prepare an estimate at the conceptual phase because of a lack of sufficient project data (Asmar et 

al. 2011). In addition, there is a limited roadway cost database and limited cost estimating 

methods (Sodikov 2005). The precision of estimating construction cost at the beginning of a 

project is affected by inadequate data and unpredicted factors (Roxas et al. 2019). 

Highway construction is a special type of construction whose price heavily depends on 

the location (Le et al. 2019). It is considered challenging for state highway agencies to perform 

an accurate estimation of the cost of a highway project at the conceptual phase (Asmar et al. 

2011). 

Several methods have been used to perform conceptual estimation of highway cost. 

Sodikov (2005) discovered what seemed like a more appropriate method for early estimation by 

using the artificial neural network (ANN) method. Similarly, Roxas et al. (2019) proposed a 

study that used an ANN for estimating road project costs but still has limitations associated with 

the scarcity of data. Asmar et al. (2011) used a method that closely resembles the program 

evaluation and review technique (PERT) which attached factors to bring more confidence into 

the estimate. The proposed method used historical bid data for those items whose estimate can be 

known in the earlier phase of the project and employs contingency factors for the other parts of 

the project using percentages. Although this method used a unique approach to examine 

historical data, it is stated that there was a limit in the analysis because of the scarcity of 

contingency item data. According to the study conducted by Zitta et al. (2019), earthwork cost 
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estimation was performed using computer software programming and a mass haul diagram. The 

limitation stated by the study was that the software needed to be improved and be opened to 

others to verify the results. Similarly, in a study conducted in Nepal by Sthapit and Mori (1994), 

an equation was used to predict the cost with hill and slope factors as the dependent variables to 

estimate the cost of highway earthwork projects. Although the study was successful on a 

hundred-meter length road, it was stated that the validity of other road segments should be tested. 

Different researchers have tried to tackle the issue, yet the problem of estimating 

construction cost at the early stage persists. Only a limited number of studies have been 

conducted for cost estimation of actual earthwork projects. 

The objective of this research is to use two spatial statistical methods – indicator kriging 

and empirical Bayesian kriging – together with exponential, whittle and k-Bessel semi-

variograms to build an appropriate model to predict highway earthwork construction cost at the 

conceptual stage and then compare them to choose which model gives the best result. A 

systematic literature review of cost estimation of highway earthworks will be carried out. The 

research gap will be addressed by applying two methods of kriging (indicator kriging and 

empirical Bayesian kriging), together with different kinds of semi-variograms. Geographic 

information system (GIS) will be used as the software medium to implement the geostatistical 

analysis. Data from the Iowa State Department of Transportation will be used. Outliers will be 

detected and removed, and exploratory data analysis (EDA) will be applied to the data to study 

the trend and perform transformations. Afterward, the kriging methods in combination with 

different semi-variograms will be applied. Cross-validation will then be used to check the model 

for errors and to ensure accuracy. The diagrammatic representation of the research flow is shown 

in Figure. 1 
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The research will address the following questions: 

RQ 1: What methods are used for the conceptual cost estimation of highway 

earthwork construction projects?  

RQ 2: What are the factors affecting highway construction cost estimates 

RQ 3: Which semi-variogram combined with empirical Bayesian kriging gives better 

accurate conceptual cost estimation of highway earthwork? How are the models 

validated? 

RQ 4: Which semi-variogram combined with indicator kriging gives better accurate 

conceptual cost estimation of highway earthwork? How are the models validated? 

RQ 5: From indicator and empirical Bayesian kriging, for the same kind of semi-

variograms, which kriging type gives better estimating accuracy? How are the models 

validated? 
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Fig. 1.1: Research methodology flow chart 

1.3. Research Methodology 

To achieve the objective of this research, the following research methodology is 

presented. Figure 1 describes the six chapters that together describe the research conducted: 

This research was conducted to identify and evaluate the performance of two kriging 

methods to choose the one that gives the most accurate result. The earthwork cost data used for 

the study was acquired from the Iowa Department of Technology (DOT). Iowa DOT was chosen 
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as a source of data for the study, because of the availability of the vast amount of data the 

department holds as compared to other departments of transportation. Bid Items of embankment, 

excavation boulder, and excavation roadway and borrow for the years 2015 to 2020 were chosen 

because of their availability. Visual Inspection was done on the data to clean abnormal data 

points. Then exploratory data analysis was conducted. Outliers were removed using histogram 

and QQ plot by careful investigation of points that were far away from the rest of the data. The 

Grubbs test in Minitab software was also implemented to detect and remove outliers. Two types 

of kriging algorithms: empirical Bayesian kriging and indicator kriging as combined with 

different types of semi-variograms (exponential, whittle and k-Bessel semi-variograms) were 

used, to evaluate the performance of the models and choose the more accurate model to predict 

highway earthwork cost at the conceptual stage. The analysis was performed for each of the 

three-unit items of work (embankment, excavation boulder, and excavation roadway and borrow) 

for each year of 2015 to 2020. Cross-validation was conducted on the two kriging types 

separately to identify which semi-variogram gives the less error value. In the last chapter, for the 

same kinds of semi-variograms, the performance of the two kriging types was tested by cross-

validation. Cross-validation was implemented to validate all results and test the performance of 

the models. In the end price map was developed for each model. 

1.4. Research Contribution 

The goal of this research is to use two spatial statistical methods – indicator kriging and 

empirical Bayesian kriging – together with exponential, whittle and k-Bessel semi-variograms to 

compare and evaluate the performance of the two kriging methods and find an appropriate model 

to predict highway earthwork construction cost at the conceptual stage. Highway bid data will be 

collected from the Iowa Department of Transportation to build the model. GIS will be used as a 
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medium to conduct the research. By accurately estimating the cost at the conceptual stage, this 

study will help in better controlling the construction budget. It will benefit both owners and 

construction stakeholders: architects, engineers, and contractors. Presently, there is a scarcity of 

information on cost estimation of highway earthwork projects. This study will contribute to the 

existing knowledge, the most appropriate method that better assists the conceptual cost 

estimation of highway earthwork projects by testing and evaluating the performance of two 

kriging methods, indicator kriging and empirical Bayesian kriging. 

The research is comprised of seven chapters. Chapter one, which is the introduction 

chapter starts by giving the background information on highway earthwork projects and 

conceptual cost estimation. This chapter presents the research questions that are going to be 

addressed. Chapter two is the systematic literature review chapter. It assesses the studies 

currently performed and their limitations. It will search for articles to find answers to research 

questions one and two. Chapter three is the exploratory data analysis chapter. It will explore the 

behavior and trend of data by detecting outliers and performing normal distribution to assist the 

analysis of further chapters for the prediction of conceptual cost. Three highway earthwork cost 

bid items: embankment, excavation boulder, and excavation roadway and borrow will be 

extracted from the Iowa Department of Transportation for the years 2015 to 2020. The inflation 

factor will be applied to bring the values to 2021. Chapter four is conceptual cost estimation of 

highway earthwork unit price using empirical Bayesian kriging. In this chapter, empirical 

Bayesian kriging will be combined with exponential, whittle, and k-Bessel semi-variograms to 

choose which combination will perform better to predict the cost accurately. Cross-validation 

will be used for choosing the model, in which error values will be calculated and the model with 

less error will be chosen. This chapter answers research question three. Chapter five is 
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conceptual cost estimation of highway earthwork unit price using indicator kriging. In this 

chapter indicator kriging will be combined with exponential and k Bessel semi-variograms to 

choose which combination gives a better result to predict the cost accurately. Cross-validation 

will be implemented to choose the best combination by assessing error values. This chapter will 

address research question four. Chapter six is the comparison of empirical Bayesian kriging and 

indicator kriging for the conceptual cost estimation of highway earthwork projects. In this 

chapter, both indicator kriging and empirical Bayesian kriging will be combined with 

exponential and k Bessel semi-variograms to compare and choose the one giving the best result 

with less error to predict cost by using cross-validation. This chapter answers research question 

five. And, the final chapter seven is the conclusion and recommendation chapter that concludes 

all the previous chapters by pointing out the findings and putting forwards recommendations that 

will open doors for future studies 

1.5. References 
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2. A SYSTEMATIC LITERATURE REVIEW ON CONCEPTUAL COST ESTIMATIONS 

OF HIGHWAY EARTHWORK CONSTRUCTION 

2.1. Background 

Cost estimation of highway earthwork at the early phase is a challenging process. Right  

after the layout for a given road project is set, earthwork construction is the first stage of the 

highway construction processes (Bogenberger et al. 2015). Once the path for a certain route is set 

out, the road design will pass through two steps: the first step is the selection of grade line by 

balancing the cut and the fill quantity and the second step is setting of the cross-section and 

calculation of the volume of the earthwork (Easa 1988). Highway earthwork construction 

involves the process of moving earth materials from high-grade to low-grade positions and 

involves deciding which areas to cut and fill for volume calculation (Bogenberger et al. 2015). 

Cutting and filling of earth materials is how the natural road level is brought to the desired road 

level (Zitta et al. 2019). According to Bogenberger et al. (2015), the main works involved in an 

earthwork activity are digging, transporting, filling, and compacting of earth materials. The study 

recommends this work should be done with extra caution. The researchers emphasized that 

earthwork construction carries the highest proportion of construction work, which makes it 

become the key component. Road earthwork construction is expensive and complicated 

(Bogenberger et al. 2015). It also has an extensive impact on the environment, which is why it is 

highly regulated (Bogenberger et al. 2015). The amount of money allocated to earthwork 

construction varies from one construction site to another (Kim et al. 2018).  

Earthwork uses various kinds of machines/equipment, which can come in a single or a 

group set (Hola and Schabowicz 2010). In addition to its high cost, earthwork often takes an 

enormous amount of time for its completion (Parente et al. 2014). Since earthwork is so integral 
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and takes the highest proportion of highway construction bid items, the planning should be done 

with extra care (Jayawardane and Harris 1990). Yet, there is still a challenge to accurately 

estimate the cost before construction (Zitta et al. 2019). Bogenberger et al. (2015) also 

emphasized the challenge in trying to find the minimal cost associated with the transportation of 

earth from cut to fill locations. Given the significance of highway earthwork construction in 

terms of volume and cost, there is a need for an improved conceptual cost estimation method. 

The study addressed the following research questions: 

RQ 1: What are the methods which have been used in the conceptual cost estimation 

of highway earthwork construction and their limitations? 

RQ 2: What are the factors affecting highway earthwork costs? 

2.2. Previous Studies 

When any new state highway project is initiated, the main aim is completing it within 

budget since cost overruns ruin the reputation of builders (Zhang 2017). Conceptual cost 

estimation is defined as a kind of estimation which predicts the future project cost when the 

design is in the initial stage of completion (Mahamid 2013). Asmar et al. (2011) defined 

conceptual cost estimate as to the kind of estimate that is performed when the design is almost 

30% complete and when only a limited amount of information exists about the project. The study 

also highlights this early estimation of cost not only includes the direct construction costs, but also 

the indirect construction costs, which include right of way and other indirect costs. Accurate early 

estimation is important because all future estimates will be based on the preliminary estimation, 

whether it was done correctly or not (Kim et al. 2008). Chou (2009) emphasizes that the entire 

feasibility of a road construction project is based on the accuracy of the cost estimation process. 

Accurate estimation of cost at the initial phase will aid construction managers in making 

necessary judgments on complicated construction projects (Petroutsatou et. al. 2012). Mahamid 
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(2013) also highlights the importance of conceptual cost estimation for clients, which is aiding in 

making appropriate budget decisions.  

Even though it is extremely important to estimate cost accurately at the initial phase of 

construction projects, it is challenging because of the limited amount of information present 

(Soikov 2009). Developing countries also face additional cost estimation challenges because of 

their financial and systematic failures (Soikov 2009). Wilmot and Cheng (2003) stated that 

current estimation of highway construction cost does not consider the changes that might come 

as the project proceeds ignoring factors that affect future cost. Highway project managers should 

be extra cautious when making cost estimations because it is a key element for the success of a 

construction project (Wilmot and Cheng 2003). Although accurate estimation of construction 

costs is important to make necessary decisions at the initial phase of the project, several 

constraints make it challenging (Kim et al. 2008). These constraints include the inaccuracy of the 

scope defined at the beginning phase of a project, the limited amount of time given to the initial 

preparation of estimation of cost, and the struggle to find reliable data associated with incomplete 

final settled plan on the project at the early stage (Kim et al. 2008). Gardner et al. (2017) 

emphasized what makes the early estimation process a bit challenging is the fact that it is done 

before design and full project scope completion. To have better confidence in the initial estimate, 

the project scope should be clearly defined, and a reliable source of historical data should be 

available at the onset of the estimation process (Chou and O’Connor 2007). Both under and 

overestimation equally affect a project as inaccurate estimation affects the budget allocated and 

gives road project managers a bad reputation (Chou 2009). The limited amount of time given, 

inadequate data about the projects, and inexperienced estimators are some of the reasons behind 

inaccurate cost estimation (Chou 2009). The estimation process is plagued with political and 
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environmental obstacles, less effective databases, and less effective ways used for the estimation 

(Mahamid 2013). The first estimation is always uncertain, but as the project goes by, additional 

information will be added which will increase the accuracy of the estimation (Le et al. 2019). 

Earthwork is expensive and the reliability of current estimation methods is unsatisfactory (Zitta 

et al. 2019). Few studies exist that specifically associate the cost with the earthwork (Zitta et al. 

2019).  

Various researchers have tried to implement different methods to solve the problem of 

inaccurate conceptual cost estimation of earthwork projects. The study done by Zitta et al. 

(2019), used a computerized system to perform the estimation of the cost of earthwork. Sthapit 

and Mori (1994) developed equations to forecast the cost of highway earthwork. Kim et al. 

(2004) prepared mathematical equations for each item of work to predict the intersection costs, 

which incorporates earthwork as the main part. Le et al. (2019), conducted a study that used 

historical bid data from the Iowa Department of Transportation. Asphalt binder PG 58-28 and 

PG 64-22 were selected as the study’s bid items owing to their high proportions. Geographic 

information system (GIS) was used in the study.  The data points in the study were identified by 

geographic coordinate system, latitude, and longitude in GIS according to their geographic 

locations. A  g eospatial interpolation feature in GIS was implemented to conduct the study, in 

which estimates of values at unknown locations were calculated by using values at known 

locations. The outcome of the study was a unit cost prediction visual map. 

Wilmot and Cheng (2003) conducted a study with the main aim of preparing a model for 

the prediction of highway construction costs. The Louisiana Department of Transportation was 

used as the source of data for the study. The study used five sub-models for the prediction: 
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excavation & embankment, concrete pavement, asphalt pavement, reinforcing steel concrete, and 

structural. 

Chou and O’Connor (2007) conducted a study to estimate highway construction cost at 

the early phase. Texas Department of Transportation provided the data. Using work break down 

structure, the work item was divided into simpler parts, which were then grouped into an 80-20 

classification (with 80 being the frequently occurring items and 20 being the less appearing 

ones). An item-based model was employed, which took advantage of the web by posting 

information on a web-based system. The system followed three-tier architecture: client, database 

server, and web server tiers. The total estimation was found by summing the standard, non-

standard, and contingency work items. Kim et al. (2008) stated that the highway operation 

handbook is widely used for the estimation of highway construction project costs. The problem 

with this method is it does not take into consideration important factors like location, which 

affect the project cost by causing variation from one project to the other (Kim et al. 2008). 

2.3. Research Questions 

This study was done as a systematic literature review, searching for articles involving 

conceptual cost estimates of highway earthworks to answer the specific research questions 

presented. Systematic literature review as a systematic way of deeply searching for pieces of 

literature that will answer originally defined questions using a formal and transparent searching 

method (Briner and Denyer 2012).  

This study uses a systematic approach to find answers to the following two questions: 

RQ 1: What are the methods which have been used in the conceptual cost estimation 

of highway earthwork construction and their limitations? 

RQ 2: What are the factors affecting highway earthwork costs? 
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These questions were developed after careful review of several articles and after screening and 

changing several questions. The answer to these questions will be used as a base for our research. 

2.4. Search Process 

To find the most relevant articles several search words were utilized. Because there is 

limited research conducted on earthwork cost estimation, there was a need to modify the 

keywords, interchange word placement, and combine with other terms to find the right articles. A 

few of the keywords used were: “earthwork construction + cost”, “highway earthwork 

construction + cost”, “highway earthwork + cost”, earthwork + cost estimation”, highway + cost 

estimation”, “construction/highway/earthwork + cost”, and “highway + preliminary cost 

estimation.” 

Various research databases were used to conduct the research. (Falagas et al. 2008), 

compared different medical databases and stated that this era of technology gave rise to the 

World Wide Web (WWW), which created an important ground for the growth of database 

systems. They emphasized that these databases made the mining of data on certain topics simpler. 

The databases also made deep evaluations and assessments of citations possible (Falagas et al. 

2008). The databases used to extract information to answer the research questions for our study 

were: American society of civil engineers, google scholar, science direct, Scopus, and other 

miscellaneous databases. 

Inclusion and exclusion criteria were applied while searching for the relevant articles: the 

included articles should specifically include cost estimation, the scope should be limited to the 

highway work and specifically to the earthwork, search should be specified to research journals, 

conference papers, or peer-reviewed articles, and the articles should show the method used for 

estimating highway, specifically earthwork cost and specify factors affecting the cost. Excluded 
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articles include those that did not include the term highway, articles whose focus is not 

estimating, and articles that neither gave the methods of estimating nor the factors affecting cost. 

The articles identified passed several stages of screening. After choosing the appropriate 

databases, the first stage was screening the articles based on the title. After collecting articles 

based on their titles, duplicate or unnecessary papers were removed by careful screening.  The 

next step was screening by abstract. All abstracts of the selected articles were read. Based on their 

abstract, there were a significant number of papers that were excluded, since they no longer 

satisfied the need of the research questions. The final screening was done through reading of the 

papers entirely. The papers left after this last screening were used to answer the research questions 

of the systematic literature review. 

2.5. Cost Estimation Methods Used for the Conceptual Stage of Highway Projects 

The critical analysis of the systematic literature review gave answers to the two research 

questions presented. 

RQ1: What kinds of methods are used for the conceptual cost estimation of highway 

earthwork construction and what are their limitations? 

There were only limited number of articles conducted on the estimation highway 

earthwork construction. Eight papers are listed here to answer the research question one. Zitta et 

al. (2019), developed a computerized system to estimate the cost of highway earthwork. The 

study took place on one campus in Niger. To perform the study, a mass haul diagram was used as 

an input. The main aim of the study focused on the usage of computerized systems to perform 

the estimation of the cost of earthwork. A program code was developed to calculate volume. The 

volume at a specific fixed location on the mass haul diagram was then multiplied by the unit cost 

to estimate the total cost value. This computerized system gave rise to an estimation graph. An 
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estimation graph was also done manually and compared with the one that was done by a 

computerized system. Although the two gave similar results, it is stated that the one done 

manually is labor-intensive and time-consuming, whereas the computerized one is less time-

consuming and labor-intensive. Even though the computerized method is ideal, it is recommended 

to adjust the codes to give a better estimate and to collect the result in a well-organized database 

to make it easy to access and receive a public review. 

Sthaphit and Mori (1994) developed a mathematical model to estimate highway 

earthwork costs. The study was conducted on Nepal highway earthworks. The main aim of the 

study was to forecast the cost of highway earthworks using developed equations. The estimated 

volume was validated, and the prepared model was tested statistically. Although the model 

proved to be effective, the study stated some limitations. Only a 100m-long road segment was 

used for the hill factor, so the study recommended to use other length road segments to improve 

the model. 

Kim et al. (2004) also performed a research study with the main aim of estimating 

highway intersection costs. These intersection items in the study included earthwork cost, 

pavement cost, and right-of-way cost. Using these items, only the fill earthwork volume was 

predicted. Then, Kf, which represents the fill cost per cubic meter, was multiplied by the volume to 

estimate the total earthwork cost. However, when performing the prediction for the earthwork 

cost, the only component used was the fill component, so the researchers recommend in the 

future to also use cut components to make the study complete. 

Asmar et al. (2011), presented a statistical analysis method which resembles the program 

evaluation review technique (PERT), that incorporates work breakdown structure to estimate the 

cost of roadway projects. The goal of the study was to estimate the cost at the early phase when 
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little information is known about the project using statistical methods. The research used groups 

of roadway projects for the analysis: major, allowance, and structure units. These all were added 

to give the base cost estimate. Design and other contingencies were considered. A simplified 

work breakdown structure (WBS) was used in the study and the entire analysis showed 

resemblance with PERT analysis. A cost estimating template was utilized for easy insertion of data 

and the final estimate was cross validated, which gave promising results. However, one of its 

limitations is it gave less focus for contingency items and road incidentals, so the study 

recommended better collection of data in future studies. 

Mahamid (2013) used a regression model to predict the future cost of road projects, in 

which earthwork cost was calculated being one of the main components. Saudi Arabian road 

projects were used as the source of data. Using quantity and size, five different models were 

developed to do the prediction. Three quantity variables and two size variables were used to 

build the model. The quantity variables used were earthworks, base works, and asphalt works; 

the size variables used were, road width and length. The first model in developing the equation 

used all the three quantity variables together. The second model created models separately for 

the three items. Asphalt work was chosen in the end because of the good correlation it showed. 

The third model used the size variables width and length together. The fourth model chose and 

took separately the size variable length as an independent variable owing to its significance. The 

fifth and last model used the interaction model of the width and length of the size. The study 

showed promising estimation results. However, the study recommended more work on improving 

the quality of the database and frequent checks and modifications of the unit prices and the model 

itself. The study also advocated the use of more variety of independent variables. 
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Kim et al. (2008) proposed a two-phased model for the estimation of road cost in which 

earthwork was considered as the major part. The model is called two-phased because it has two 

stages: the first stage is the initial planning phase and the second is the design phase where the 

drawings were prepared, and calculation of quantities was conducted. Different estimation 

models were applied for the two stages. For the first, a model called the case-based reasoning 

model, which bases its prediction on past similar models, was used. There is a limited amount of 

design information present at this initial phase, so past similar models were used. The second 

method took advantage of the information gathered after the design. It presented an estimation 

model which is based on quantity. After data was collected from a variety of projects, earthwork, 

drainage, and pavement were found to be significant to build the model. In this study, another 

quantity estimation model known as classification and regression trees (CART) was used 

specifically for earthwork and drainage since it was not able to read quantity from the drawings 

for those unit items. Although the study was helpful, it recommended the addition of bridge and 

tunnel on the estimation model to better predict the cost of road works. 

An early estimation of roadway project cost using simple ways like a calculator and a 

simple computer program was suggested by Mahamid and Bruland (2010). The study used West 

Bank projects of 2005-2008 as the sources of data (in which the inflation index for the year 2008 

was utilized to bring the data to that year). Multiple linear regression models were developed for 

the three work components: earthworks, base course works, and asphalt works. Historical 

databases and different statistical methods were used for the extraction and analysis of data. The 

units of the three dependent variables used were cost, cost per meter, and cost per meter square. 

They were presented as a function of project properties like road width, length, and soil 

condition. For asphalt and base course, the regression models used all three (cost, cost per meter 



 

20 

length, cost per meter square), whereas the earthwork model used only the first two (cost and 

cost per meter length). The third cost per meter square was excluded because of its less 

significance in the earthwork model. Several models were prepared in the end under each group. 

The result indicated that the linear regression model of the road projects which used earthwork as 

the dependent variable was significant. This approach is helpful in accurately estimating early 

construction costs, but it is stated that its accuracy is still dependent on the preparation and 

elaboration of the details of the estimation process. 

Sodikov (2005), used the method called artificial neural network (ANN) method in cost 

estimating of road projects specifically in developing countries.  Rock database, which is 

populated by developing countries’ road data, was used as a source of data. Poland and Thailand, 

having more data sets, were chosen for the study. Since the rock database was unable to provide 

earthwork and site preparation, the RCC model was created for those quantities. Using the model, 

the volume was calculated as a function of topography type and road width. Then, to calculate 

the cost, the regression model was used. Two ANN models were utilized to do the estimation. 

The study successfully used the ANN method to estimate the cost of future road projects in 

developing countries. It was recommended in the study to add more variety of datasets in 

addition to the earthwork and overlays. Finding more ways of enhancing the ANN model was 

also recommended. 

2.6. Factors Affecting Highway Earthwork Construction Cost 

RQ2:  What are the factors affecting earthwork costs? 

In their study for cost estimation of highway earthwork, Staphit and Mori (1994), 

identified factors influencing the cost as hill factors, slope factors, and soil type factors. 

According to Le et al. (2019), location effect and the time change were identified as the factors 
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affecting the cost. From the two, the location factor was noticed to affect the cost more in this 

study in which the study specifically stated how location has a high impact on the accuracy of 

unit price prediction. Wilmot and Cheng (2003), in their study of cost estimation model 

preparation, identified the following three group of factors that influence the price: input 

contributing variables (manual labor, raw material, and equipment), contract feature variables 

(quantity and contract period), and bid variable (bid size). The study showed that the contract 

feature variable, specifically the quantity, has the highest influence on the price. The study also 

assessed the location factor and made a statement that the place of construction has an enormous 

impact on the price. According to Mahamid (2013), the quantity and size, specifically road width 

and length of the project, were seen to highly affect the prediction of future cost of roadworks. 

According to the study by Hegazy et al. (1998). St. John’s department of agriculture assisted in 

the provision of soil data dependent on location for the study. A couple of factors that affect the 

cost of highway projects were listed in the study, as the magnitude of the project, time, and place 

of the construction. In building the model, these factors were used as independent variables, 

whereas the cost was used as the dependent variable (Hegazy et al. 1998). 

Kim et al. (2008) in their preparation of a two-phased model to estimate highway cost, 

point out the influencing factors are location, contract type, and road width. Mahamid and 

Bruland (2010), developed a regression model for conceptual cost estimation of road work 

projects. In this study properties like road width, length, haul distance, terrain condition, and soil 

condition were seen to greatly influence the cost. Additionally, Sodikov (2005) conducted a study 

that estimated future road costs in developing countries. In the study, the factors which have a 

high influence on the cost of earthwork and overlays were identified as earthwork volume and 

pavement width. 
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2.7. Discussion of Results 

In response to research question 1, “What kinds of methods are used for the conceptual 

cost estimation of highway earthwork construction and what are their limitations?”, the results 

gathered from the collected articles are discussed. There were many articles found regarding cost 

estimation of road projects, but only a few articles focused specifically on earthwork. Few papers 

used a computerized system to estimate the cost of highway earthwork. Others used 

mathematical models to estimate highway earthwork costs, using developed mathematical 

equations. Other studies multiplied fill factors with the volume to predict of the cost of highway 

earthwork. Statistical methods, which closely resemble program evaluation review techniques, 

were also applied to some studies to estimate the cost. Different kinds of models were 

implemented to estimate costs, including regression model, multiple regression model, and case-

based reasoning model. An artificial neural network (ANN) was also implemented to estimate 

road costs in developing countries. These methods showed promising results in achieving the 

goal of estimating the cost at the conceptual stage. Even though the methods highly assist the 

conceptual cost estimation of highway earthwork, scarcity of data is seen in most studies and 

more data is recommended to better enhance the results. It is suggested to improve database 

quality and implement more frequent inspection of unit prices. Even for the studies which draw 

models, frequent inspection is recommended, and additional data is suggested to enhance results. 

More preparation and elaboration of details of the estimation process are vital. The computerized 

systems need more adjustment of codes, and the studies recommend collection/preparation of a 

well-organized database to better present the results. Only a few articles have been written on 

methods of estimating earthwork cost and there is presently a limited amount of data in the initial 
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stage of construction. For this reason, it is recommended to find an appropriate cost estimation 

method for highway earthwork construction at the conceptual stage. 

In response to the second question, “What are the factors affecting earthwork cost?”, 

different researchers suggested different factors that might affect earthwork cost: Earthwork 

volume, pavement road width, road length, haul distance, terrain condition, soil condition, 

location, contract type, quantity, time change, soil type, hill, and slope factors were the factors 

identified from the collected studies. In most studies, the location factor was stated to have a high 

impact on the price of earthwork. Therefore, our study focuses on finding a method that 

considers location effect on cost of highway earthwork.  

2.8. Conclusion 

This paper conducted a systematic literature review of articles in which it reviewed 

studies done in the past to answer the research questions presented. The systematic literature 

review searched articles regarding the methods used for estimating the cost of highway 

earthwork and it assessed the factors that affect the price. It discussed the variety of methods 

used to predict the costs and it pointed out the limitations associated with each study. According 

to the research, it was found that the amount of literature done specifically on highway earthwork 

cost estimation is limited and even the ones which were found have a variety of limitations. So, 

there is a need for a new method that can help in accurately estimating the cost of highway 

earthwork construction. And the result of the second question showed a variety of factors that 

affect the cost. Location factor was repeatedly stated as a major influencing factor. In conclusion, 

this research shows that there is a need for a new method that will aid the accurate estimation of 

highway earthwork costs, filling the gap presented in the above studies. Future studies should 

also consider the effect of location because it is important to the final cost estimation. 
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3. EXPLORATORY DATA ANALYSIS OF HIGHWAY EARTHWORK BID ITEMS 

3.1. Introduction 

Major activities in earthwork construction include the following: excavating, 

transporting, filling, compacting, reusing, temporary distribution of items, dumping soil 

materials, and pits material procurement (Bogenberger et al. 2015). The digging of earthwork 

involves excavating and transporting up to tens of millions of cubic meters of materials using 

different types of equipment, whereas filling involves transporting and filling various earth 

materials into already prepared cut areas or piling them for bridges or manmade passageways 

(Bogenberger et al. 2015). In the digging process, earth materials are classified based on their 

geological origin and are grouped to be prepared for their use (Bogenberger et al. 2015). 

A mass haul diagram is one of the most widely used diagram in an earthwork, with the Y-

axis as the cumulatively added volumes and the X-axis as the list of the stations (Zitta et al. 

2019). The total volume is the summation of the cut which has a positive value and the fill which 

has a negative value along the station line (Zitta et al. 2019). According to Bogenberger et al. 

(2015), mines, burrow pits, and sites where the earth materials are dumped have certain 

limitations in which they cannot carry more earth material quantities than they could handle. 

Thus, their capacity should be carefully studied beforehand according to the study. 

A high amount of cost is invested in an earthwork during the process of digging, filling, 

and hauling on a certain path (Zitta et al. 2019). The main challenge is finding the minimal cost 

associated with the earthwork activities (Bogenberger et al. 2015). 

Conceptual cost estimation is the kind of estimate that is prepared where the specific 

details of a project are not known, and the design is not finalized (Asmar et al. 2011). A detailed 

estimate is done at 100% design completion, whereas a conceptual cost estimate is done when the 
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design is at the initial stage, or close to 30% completion (Asmar et al. 2011). The study 

emphasized it is necessary to use past project information as a base due to the lack of information 

on the project at this stage. To predict the cost at the early phase of a construction project, a higher 

intellectual capability is expected from the individual predicting and good-quality historical data 

must be present (Liu and Zhu 2007). The availability of a scarce design information at the 

beginning phase will force the quantity surveyor to base their estimation on personal 

assumptions, which can be misleading (Liu and Zhu 2007). It is important to estimate a 

construction bid accurately because if estimated inaccurately, it could lead to enormous crises in 

terms of finance and reputation of stakeholders (Biruk et al. 2017). This study also stressed that 

estimating is a big responsibility on the estimators’ side not only in terms of keeping accuracy 

but also finishing on time (Biruk et al. 2017). Predicting the cost at the early phase of 

construction will highly benefit state highway agencies since they are responsible for early 

authorizing and making important rulings regarding the funding of a project (Asmar et al. 2011). 

The study emphasized that any stakeholder responsible for early budgeting of project cost can use 

this estimate as a starting point to aid the funding decision. Budgeting is a necessary aspect of a 

project implemented by the owner, which affects the scope of the project (Roxas et al. 2019).  

The estimate at the conceptual stage of the project not only includes the actual 

construction costs, but also the non-construction costs which includes the permit, engineering, 

and incidental costs (Asmar et al. 2011). Accurate early estimation guarantees the 

accomplishment of a project and is beneficial to the different stakeholders in the construction 

industry; for clients, it aids in better control of funding, and for contractors, it increases revenue 

gained from each project (Roxas et al. 2019). The study emphasized that estimating cost early is 

usually prone to error since the estimation is based on rough theoretical engineering. Various 
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unpredicted events may occur as the project proceeds, including sudden market price rises and 

unexpected interruptions (Roxas et al. 2019). The study stated that, when early cost estimation is 

calculated, these factors are not usually taken into consideration because they do not appear at the 

initial stage of the project. Before contractors decide on the participation of a bid, they take two 

things into consideration: first, the profit they will get in terms of money and reputation, and 

second, the loss they will acquire if their bid is not accepted (Biruk et al. 2017). Because of the 

risk, they usually limit the number of bids they prepare during a specific time period (Biruk et al. 

2017). The study continued by stating that contractors should be cautious when deciding to bid 

on certain projects in which gut feeling or experience might not be enough. The prospective 

bidder should base their bid on a reliable way to avoid financial losses (Biruk et al. 2017). For 

this reason, there is a need for an effective way to assess the proper approach to be followed 

(Biruk et al. 2017).  

Data of highway construction projects constitute several elements: the project 

description, total quantity measurement of the road quantity in terms of length, project 

expenditure, stream of traffic, topography, and environmental factors (Williams et al. 2009). State 

highway agencies continuously check and update these data to have better control of the projects 

(Williams et al. 2009). Data mining is a way in which the behavior of the primal data is studied 

and the specific trend the data is following is carefully analyzed to make it easily understandable 

(Parente et al. 2014). 

Because of current age development in technology and better means of gathering 

information, large databases in construction are starting to flourish (Parente et al. 2014). These 

databases incorporate; the methods of construction, the amount of time and money invested in the 

construction process (Parente et al. 2014). Specifically, to earthwork, the amount of earth 
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material that is excavated, hauled, and filled according to the design of the construction is 

included in the database (Parente et al. 2014). The databases are more developed since the 

current construction equipment is supported by technology which includes a uniform check of 

load-carrying capacity and equipment set up (Parente et al. 2014). 

Empirical data analysis (EDA) is one of the most stable and important means by which 

data will be studied at the conceptual stage, where the different trends the data follows will be 

carefully analyzed and early hypotheses be made and checked (Behrens et al. 1997). After 

careful understanding of its properties, EDA plots the data graphically as a step of preparing it 

for analysis (Cox 2017). For any given data, the X-axis represents the exploratory data which is 

the independent variable, and the Y-axis represents the dependent variable (Cox 2017). Careful 

understanding of data throughout the cycle is an important input to the development of models 

(Behrens et al. 1997). Sufficient provision of data is necessary for EDA to make assumptions that 

will assist in the model-building process (Behrens et al. 1997). EDA has a clear approach in 

formulating distinct kinds of queries, assumptions, and conclusions for each step of the process 

(Behrens et al. 1997). The primary goal of EDA is knowing the data, the pattern it is following, 

and in the end, choosing the statistical approach to implement it (Cox 2017). 

Careful cleaning and organizing of data are necessary in EDA, for instance in the study 

performed by (Shrestha et al. 2017), in which the Montana Department of transportation 

provided the bid data for the project, the data of the specific projects were distinguished and 

divided based on the time frame as present and past data. Some redundancy was seen in this 

study in the bid data of the separate projects because they have the same source DOT. The data 

was then cleaned by removing items that do not seem to assist the analysis, like lump sum items 

and the items whose quantity has no constant relation with the cost. The study by Cox (2017) 
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identified 2 outliers in the data: data entry errors and statistical outliers. They eliminated the first 

groups and kept the latest ones for the further analysis process.  

The objective of the exploratory data analysis is to extract highway earthwork bid item 

data from the Iowa Department of Transportation’s official site with the goal of cleaning and 

preparing the data. This will make it ready for further analysis of the kriging methods which will 

be discussed in the coming chapters. This study involves analyzing the pattern of the data, the 

relationship of variables, the identification and removal of outliers, and the transformation of 

skewed graphs into normal curves. The study will elaborate the data exploration procedure 

followed and the outcome of the analysis will be discussed the in the end. The paper will 

conclude by stating the implications of the study and giving recommendations for further studies. 

3.2. Data Collection and Preparation 

This study identified the source of data and explored the different aspects of the entire set 

collected. The highway earthwork cost data was acquired from the Iowa Department of 

Transportation (DOT). Iowa DOT was chosen because of the large amount of data carried by the 

state department database which aids the analysis. Upon an email request, the department 

provided bid data of cost of highway earthwork projects from the year 2015 to 2020. The bid 

items provided by the department were: embankment in place, excavation-cl10- roadway + 

borrow, excavation-cl12-roadway+boulder/rock fragment, excavation boulder and contractor 

furnish select treatment. Since the amount of data that can be acquired for the other bid items 

was minimum, only three bid items were chosen for this study; embankment in place, excavation 

boulder, and excavation-cl10-roadway+borrow. The earthwork cost data was provided in an 

excel format with attributes: name of the bid item, unit, the letting date, the project number, 

quantity, price, amount, county, work type, project location, and specific longitude and latitude 
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positions. The major type of works presented are hot mix asphalt mill and overlay, hot mix 

asphalt pavement widening and resurfacing, grading, reinforced concrete box culvert 

replacement, Portland cement concrete pavement grading and replacing, surface treatment for 

roads and more. Iowa State has a total of 99 counties, and data was collected from all 99 

counties. Table 1 shows the original sample of data acquired from the state department for the 

embankment-in-place bid item for the year 2015 and the summary for the total number of bid 

items used for this study. 

 

 

Fig. 3.1: 2015 embankment in place bid item data & summary before outlier removal 

A geographic information system (GIS) is the system used to explore the behavior of the 

data. Histograms and QQ plots on GIS were implemented to detect outliers and check the 

normality of the data set. Outliers in the data set must be removed because of the negative effect 

they have on the result of the analysis, but extra care must be taken not to remove the outliers in 

the region which are needed to give the complete result of the analysis (Cox 2017). Different 
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statistical means were used to assess the behavior of the data. The presence of outliers and 

normality was checked by visual detection from the histogram and QQ plot and by paying careful 

attention to the values of descriptive statistical measures, mean, and the median. In addition to 

relying on GIS for outlier removal, Minitab software was used to clean any additional outliers 

present, in which the Grubbs test was applied. In that more outliers were detected and removed. 

Inflation was considered on all data points from 2015 to 2020 to bring the price values to 2021 

the estimation period. 

3.3. Outlier Detection and Removal 

GIS is a great system that helps in assessing the behavior of data in relation to its spatial 

location. In the beginning, when placing the data points on GIS, seven bid items from the 

embankment and thirteen bid items from the excavation of roadway and borrow were found to be 

out of the border of the Iowa state. They were: two from embankment (2015), three from 

embankment (2016), two from embankment (2019), eight from excavation for roadway &borrow 

(2015), four from excavation for roadway &borrow (2016), one from excavation for roadway 

&borrow (2019). But since these points were out of the study area, they were detected and 

removed. After the data outside the border was screened out, outliers were detected in the bid 

items for each year and each bid item separately. Histograms and QQ plots were used to identify 

the values which are so far away from the rest of the data set. For instance, for the embankment 

bid item, the average value of the bid data was seen to be 15-20 but the outlier that was removed 

has a value of 200. Similarly, for excavation of roadway and borrow, the average value of the bid 

data for one specific year was 12-13 but the outlier that was removed has a value of 270. The 

outliers were removed to avoid leading to false conclusions. These extreme values were first 

identified using the histogram. QQ plot charts were then cross-checked on the original excel 
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values before removing them to indicate that extra care was taken. After the removal of outliers 

using GIS chart histogram and QQ plot, there were still few outliers left that initiate the use of 

Minitab. The Grubbs outlier detection technique in Minitab was used to screen the remaining 

outliers. The final data used for the study after the outlier removal is presented in the figure 

below with the summary. 

 

 

Fig. 3.2: 2015 embankment in place bid items & summary after outlier removal 

Outliers were detected by the Grubbs outlier detecting mechanism and studying the trend 

of histogram and QQ plot before taking the data for further analysis. Attached here is a sample 

figure for outlier removal of embankment 2019 data after the outlier was removed. 

 

Fig. 3.3: Outlier detection using Grubbs 
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3.4. Normality Test and Transformation 

The normality aspect of the data was similarly checked using histogram and QQ plot 

charts to assist the accurate prediction. The result from the analysis showed, almost all graphs 

were skewed to the right. Sample data is provided in Figure 1 for Embankment 2019 and 

Excavation Roadway and Borrow 2020. As shown in the figure, the histogram indicates that the 

data is skewed to the right. The right tail is an indication that only a few points have large prices. 

The visual perception of the histogram implies that the original data is not normally distributed. 

In addition to the visual judgments of the graphical representations of being bell curve, statistical 

descriptive measures, mean, median, and mode were also used to check normality. As it can be 

seen from figure 1, the mean and median do not have close values, thus supports the graphical 

assessment in which it is a clear indication for the distribution of data not being normal. And 

also, when noticing the QQ plot, since the plotted data points are not that close to the straight 45- 

degree line, it can be inferred that normality is not followed by the distribution of the original 

data points. So, from both the histogram and the QQ plot graphical representations and measure 

of central tendency, mean and median, it can be concluded that the data do not follow a normal 

distribution. This implies that there is a need for the transformation of the data into a normal 

distribution to give a better accurate prediction result. 
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Emb 2019 

Histogram                                                                                       QQ Plot 

 

EXC RB 2020 

Histogram                                                                                 QQ Plot 

 

Fig. 3.4: Histogram and QQ plot of skewed data set before log transformation 

Figure 2 shows the shape of two data sets from each unit item of work after log 

transformation was implemented. embankment 2019, embankment 2020, excavation boulder 

2018, excavation boulder 2020, excavation roadway and borrow 2016, excavation roadway and 
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borrow 2020 are the sample data sets shown in the figure. Outliers were removed and logarithmic 

transformation was applied on all the data sets for each year. The before and after logarithmic 

transformation is shown side by side for the histogram and QQ plot. As it can be inferred from the 

figure, after the transformation, the graphs are transformed into bell-shaped normal histogram 

curves and the mean and median values become closer. 

Embankment 2019 

Histogram 

Before transformation                                                   After log transformation 

 

QQ Plot 

Before transformation                                                 After log transformation 

 

Fig. 3.5: Histogram and QQ plot of selected bid items after log transformation 
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Embankment 2020 

Histogram  

Before transformation                                                    After log transformation 

 

QQ Plot 

Before transformation                                                                After log transformation 

 

Fig. 3.5: Histogram and QQ plot of selected bid items after log transformation (continued) 
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Excavation Boulder 2018 

Histogram  

Before transformation                                                    After log transformation 

 

QQ Plot 

Before transformation                                                            After log transformation 

 

Fig. 3.5: Histogram and QQ plot of selected bid items after log transformation (continued) 
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Excavation Boulder 2020 

Histogram  

Before transformation                                                          After log transformation 

 

QQ Plot 

Before transformation                                                                  After log transformation 

 

Fig. 3.5: Histogram and QQ plot of selected bid items after log transformation (continued) 
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Excavation Roadway & Borrow 2016 

Histogram  

Before transformation                                                        After log transformation 

 

QQ Plot 

Before transformation                                                             After log transformation 

 

Fig. 3.5: Histogram and QQ plot of selected bid items after log transformation (continued) 
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Excavation Roadway & Borrow 2020 

Histogram  

Before transformation                                                               After log transformation 

 

QQ Plot 

Before transformation                                                                After log transformation 

 

Fig. 3.5: Histogram and QQ plot of selected bid items after log transformation (continued) 

After normal transformation, the data is ready for further analysis. This approach of 

cleaning data is important because, if not taken care of at earlier stages, it might mislead the 

interpolation results.  
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3.5. Conclusion 

State highway departments have a high amount of historical data. It is necessary to study 

the trend of the past data to be able to predict the future. This section of the study involves 

studying the source and behavior of the data. Proceeding with analysis before cleaning the data 

leads to incorrect results. That is why exploratory data analysis is necessary. In this study 

highway earthwork cost bid data was collected from the Iowa department of transportation for the 

years 2015 to 2020. Geographic Information System (GIS) was used to study the behavior of the 

data. Outliers and data points outside the study border that deviate highly from the rest of the 

data were removed. The result found out that most data points were skewed to the right, which 

initiates the process of normalizing them. This study confirmed the necessity of studying the trend 

of the data before proceeding to the next stages. Although this analysis is helpful, it is limited only 

to three bid items. In the future, it is recommended to use more variety kinds of bid data to compare 

the results and increase the accuracy of the exploratory data analysis. 
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4. CONCEPTUAL COST ESTIMATION OF HIGHWAY EARTHWORK UNIT PRICE 

USING EMPIRICAL BAYESIAN KRIGING 

4.1. Introduction 

It is a challenging task to estimate the cost of construction bid items at the planning 

phase. Cost estimation is performed at various stages of a construction project, and it is an 

important aspect in assisting proper supervision (Hyari et al. 2016). Cost estimation appears at 

various stages of projects and the level of accuracy and care that must be taken varies with the 

kind of estimate (Hyari et al. 2016). There are various unknown factors and a minimum amount 

of information at the beginning phase of a construction project, which makes it hard for a 

conceptual cost estimate to be accurate (Elbeltagi et al. 2014). The later execution of the project 

is dictated by the decision made at the initial stage of the project (Elbeltagi et al. 2014). The 

successful completion of an infrastructure project is dependent on the conceptual cost estimate 

(Adel et al. 2016).  

Conceptual cost estimates are prepared when the plan and definition of the project are not 

yet complete, and they are usually based on past historical data and models (Hyari et al. 2016). 

Unlike a conceptual cost estimate, a detailed cost estimate is done after more information is known 

about the project (Hyari et al. 2016). Gardner et al. (2016) also emphasized this point by defining 

conceptual cost estimate as the pioneer estimate prepared when there is insufficient detail and 

information about the design of a project. Further details of design and project definition will 

follow up in the consequent estimations made at later phases (Gardner et al. 2016). 

Conceptual cost estimation has various benefits for the different stakeholders in a project 

(Adel et al. 2016). It assists the owner in better controlling and making necessary decisions 

concerning budget (Adel et al. 2016). For the designer, it aids in creating a design that aligns 
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with the budget of the client (Adel et al. 2016). Being the first step, conceptual cost estimate not 

only assists the assessment of a project’s practicability but also its successful completion (Cheng 

et al. 2009). The study further emphasizes that this process highly assists clients in knowing the 

practicability of the project in terms of cost ahead of time. 

Cost estimation is a crucial construction project management activity that affects the 

project’s aspects like design, budget, and construction (Cheng et al. 2009). The main purpose in 

estimating the cost of a project at the beginning phase is to decide on the budget and predict the 

cost of the completed project (Hyari et al. 2016). Highway construction projects are associated 

with different factors which affect the cost (Elbeltagi et al. 2014). These factors need to be 

accurately calibrated to better assist in the conceptual cost estimation of new projects (Elbeltagi 

et al. 2014). Gardner et al. (2016) stated that care should be taken in highway projects to ensure 

that organizations do not over-invest in conceptual estimating at the beginning phase. Since there 

is no guarantee, the project will be undertaken, easier and more effective ways to do conceptual 

cost estimating are highly recommended (Gardner et al. 2016). 

The current approach towards construction cost estimating is based highly on the 

judgment of estimators because of the limited amount of information present at this stage of a 

project (Cheng et al 2009).  As this might affect the estimation accuracy of the project, a 

scientific approach should be adopted for cost estimation at the conceptual stage (Cheng et al 

2009). Various classical kriging methods are starting to be implemented to predict conceptual 

cost, however, they employ a single semi-variogram which is considered as the true semi-

variogram, and the error associated with that is disregarded (Li et al. 2020). So, there is a need to 

find a kriging method which can solve this issue.  
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The objective of this study is to find a method that will give an accurate prediction of 

conceptual cost considering the location. The study is aimed at applying the empirical Bayesian 

kriging methodology together with three variogram models to estimate the conceptual cost of 

highway earthwork projects. After the semi-variograms are built, cross-validation will be done to 

check the errors and validate the models. The error variables between the different semi-

variogram models will be compared and the best one will be chosen. The study will then be 

concluded by elaborating the contribution to knowledge and opening doors for further research 

on areas not covered. 

Geostatistical modeling is a method used to predict variables whose values vary with 

location (Gupta et al. 2017). The process of estimating using spatial modeling involves building 

semi-variogram models which capture the spatial variation among variables (Gupta et al. 2017). 

The equation of the semi-variogram is given in equation 1 (Sağir and Kurtuluş 2017). 

 𝛾(ℎ) = ½*𝐸[(𝑍(𝑥) − 𝑍∗ (𝑥 − ℎ))2] (4.1) 

where h = distance between the samples, Z(x) = the variable under study. 

Kriging uses semi-variograms to predict values at unknown locations using the values at 

known locations (Mirzaei and Sakizadeh 2016). The study also emphasizes on how predicting 

errors are usually underestimated. In geostatistical kriging it is assumed that the data follows 

gaussian distribution (Basu 2016). 

Empirical Bayesian kriging (EBK) is one type of geostatistical interpolation method 

(Mrazei and Sakizadeh 2016). EBK is a kind of estimating tool that uses a cluster of semi-

variograms and allows the usage of moderately nonstationary data (Sağir and Kurtuluş 2017). 

Empirical Bayesian kriging uses more than one semi-variogram and it considers the error value 

associated with the semi variogram (Li et.al 2020). Semi-variogram parameters are plagued with 

uncertainties (Mrazei and Sakizadeh 2016). The method of EBK resolves that issue by creating a 
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subset of data and drawing simulation which is a collection of multiple semi-variograms (Mrazei 

and Sakizadeh 2016). This method of kriging considers error variables (Mrazei and Sakizadeh 

2016). Empirical Bayesian kriging is a kind of kriging that can work best both interactively 

and by automation which makes it rapid and dependable (Gribov and Krivoruchko 2020). This 

kriging type allows for interpolation on high numbers of data points up to billions of data (Gribov 

and Krivoruchko 2020). 

According to the study by (Sağir and Kurtuluş 2017), there are three steps in drawing a 

model using EBK; First, a semi-variogram model will be built from the observed data, secondly, 

by using the semi-variogram created on the first step, a new value will be simulated at the same 

location of the observed data. Thirdly, using the simulated data, a new semi-variogram will be 

created at the same location. Finally, the method called the Bayes rule is used to measure the 

weight for the semi-variogram showing the likelihood of the development of original data from 

the semi-variogram. A similar process will then be going to be repeated after that (Sağir and 

Kurtuluş 2017). The study emphasizes that the parameters affecting the EBK should be 

specified, and the three important parameters presented are; (1) Subset size(2)Overlap factor and 

3) Number of simulations; the method subdivides data into different subsets, and the number of 

data in each subset should be known; the subsets are not independent, they cross with each other 

and this parameter defines the degree of overlap between them ; each subset will have a certain 

number of semi-variograms that are going to be simulated and this factor specifies that number 

for each subset. 

After the development of semi-variogram models, prediction of variables at the unknown 

location will be made using known points and the error associated will be measured (Gupta et al. 

2017). Cross-validation is used to assess the effectiveness of the models and to compare the 
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models, different types of errors will be calculated. The interpretations of error values used in 

this study were mean error, mean standardized error (MSDE), mean standard error (MSE), root-

mean-square standardized error (RMSSDE), and root-mean-square error (RMSE) (Gupta et al. 

2017). When mean error and mean standardized error approaches zero that is a representation of 

less error, value of Mean standard error (MSE) being close to the RMS is a measure of accurate 

prediction (Gupta et al. 2017). Root-mean-square standardized error (RMSSDE) is an error value 

which should be close to one for better prediction (Gupta et al. 2017). If it is greater than one, the 

prediction model underestimates the variability of the datasets; and if it is less than one, the 

prediction model overestimates the variability of the datasets (Gupta et al. 2017). Root-mean-

square error (RMSE) Indicates how closely your model predicts the measured values (Gupta et 

al. 2017). The result for the cross validation will be used to answer research question three by 

choosing which combination of semi variogram with empirical Bayesian kriging gives better result 

with less error.  
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Fig. 4.1: Empirical Bayesian kriging approach in developing price model 

Figure 1 shows the methodology followed by the research. Data for the study was collected 

from the Iowa Department of Transportation. Highway earthwork cost bid data for embankment, 

boulder excavation, and roadway and borrow excavation was collected for the year from 2015 to 

2020 to predict the current price of 2021. The inflation factor was taken into consideration by 

extracting the price index values from the Iowa DOT website. Initial removal of outliers was 
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done by careful analysis of histograms and QQ plots. The remaining outliers were found and 

removed using the Minitab software by using the Grubbs test technique. After the data was 

cleared for outliers, it was taken directly to the GIS. For locations where two or more sample 

exists at the same places, the maximum was used to handle coincident points. 

GIS gave the option of choosing transformation types before building the semi-variogram 

models. The options were, no transformation, empirical transformation, and log empirical 

transformation. For no transformation, three semi-variogram types were presented: linear, 

power, and thin-plate spline. For empirical and log-empirical transformations, the semi-

variogram types available were exponential, exponential detrended, whittle, whittle detrended, k-

Bessel, k-Bessel detrended. For this study log-empirical transformation was chosen and all semi 

variograms types were assessed. Since the majority of the detrended models show better results 

than the not detrended ones, they were chosen on most variables. But some variables showed 

better results with not detrended semi-variograms and those were also used. After the semi-

variogram, the next step was applying the kriging interpolation followed by comparing the 

various types of errors using the cross-validation technique to validate the models. Then the cost 

map was drawn in the end. In this method not only one true semi-variogram was chosen and 

analyzed but a cluster of semi-variograms was analyzed. And the errors associated were carefully 

studied and presented. 

4.2. Semi Variogram Estimation 

Log empirical transformation was implemented on all years from 2015 to 2020 on the 

three-highway earthwork bid items. The spectrum of semi-variograms is attached in the figures 

here. As shown below, the method of EBK is not represented by a single semi-variogram but a 

spectrum of semi variograms. 
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Log Empirical Exponential Detrended (Emb 2015)   Log Empirical K-Bessel Detrended (Emb 2017) 

  

Log Empirical Whittle Detrended (Exc RB 2015)      Log Empirical K-Bessel Detrended (Exc Bou 2019) 

Fig. 4.2: Semi variogram models of sample bid items-empirical Bayesian kriging 

As shown in Fig 3, different types of semi-variogram models were used for the analysis; 

exponential detrended, whittle detrended, and k-Bessel detrended. The majority of the detrended 

models show better results than the not detrended ones so they were chosen on most. But still, 

some of them, the not detrended ones that gave good results with less error were also included. 

For the bid data Embankment 2016, a log empirical transformation with k-Bessel semi-variogram 

was implemented and it turned out the k-Bessel without the detrended semi-variogram seems to 

best fit the data. In the end, the k-Bessel semi-variogram of embankment 2016 was found to be 

better than the entire set. On embankment 2020 data also k-Bessel was included because it 

showed better results than the respective detrended one. For excavation boulder, all the 

exponential, whittle, and k-Bessel were included since they show better prediction than their 
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respective detrended ones. Here again, the whittle model gave the best model than the whole set. 

On excavation RB 2016 all the exponential, whittle and k-Bessel were included owing to their 

better prediction than their respective detrended ones. Again, the whittle was shown to give a 

better result than the entire set. For Excavation RB 2018 again all the exponential, whittle, and 

k-Bessel were included owing to their better prediction than their respective detrended ones. Here 

also the whittle gave a better result than the rest. On excavation RB 2020, k-Bessel was included 

and, in this group, exponential detrended showed the better result. 

4.3. Comparison of Models by Cross Validation 

After the semi-variogram models were built, the validity of the models was checked 

using the parameters RMSE, ASE, MSDE, and RMSSDE. Table 1 shows sample data points 

used in the cross-validation process 

 

Fig. 4.3: Cross-validation results for sample cost data-empirical Bayesian kriging 
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According to the results from the cross-validation, from assessment of the error values: 

For embankment; 2015 exponential detrended showed the better result, 2016 k-Bessel, 2017 

exponential detrended, 2018 whittle detrended, 2019 exponential detrended, 2020 exponential 

detrended showed better results. For excavation boulder, 2015 exponential detrended, 2016 k-

Bessel detrended, 2017 whittle detrended, 2018- exponential detrended, 2019-whittle detrended, 

2020-whittle showed better results. For excavation roadway and borrow; 2015 whittle detrended, 

2016-whittle, 2017-exponential detrended, 2018-whittle, 2019-exponential detrended, 2020-

exponential detrended showed better results. When comparing the entire sets, exponential 

detrended seems to show the better result in most years. Four years from embankment, two years 

from excavation boulder, and three years from excavation RB showed less error when 

exponential detrended was implemented which led to the decision of choosing exponential 

detrended semi variogram. In the end price map was developed. The figure below shows the price 

maps for sample cost data of embankment 2019 and excavation roadway and borrow 2018 and 

2019.   
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Fig. 4.4: Embankment 2019 price map 

 

Fig. 4.5: Excavation roadway and borrow 2019 price map 
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Fig. 4.6: Excavation roadway and borrow 2018 price map 

4.4. Conclusion 

It is challenging to estimate cost while the construction is at the initial stage. More 

specifically in highway earthwork construction, accurate conceptual cost estimation is very 

critical owing to its enormous amount taking the majority part of highway construction. Because 

of that, there is a need to find means of accurately estimating highway earthwork costs while the 

construction is in the beginning phase. An approach widely used in the construction industry is 

the judgment of experienced estimators using past cost data as a base. Human intuition is always 

prone to error and past data disregard the effect of time and location which is the reason for 

inaccurate estimation. Previous studies also tried to implement classical kriging methods which 

only consider a single semi-variogram and they disregard the error associated with that. Because 

of that, there is a need to find a scientific approach that considers the effect of location and that 

accounts for errors. The objective of this paper is to implement the empirical Bayesian kriging 

method using three different types of semi-variograms; exponential, whittle, and k-Bessel 

applying log empirical transformation on the data. Highway earthwork data of three 
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representative bid items from the year 2015 to 2020 were collected from the Iowa department of 

transportation. To come up with the cost prediction for the current year 2021, the inflation factor 

was applied. A spectrum of semi-variogram models was used and errors were compared. The 

result showed that different semi-variograms gave a different result for each data but overall 

exponential detrended was shown to give a better result. This is a great contribution for the 

construction industry by implementing GIS into bid items to predict the cost. But in this study, 

the models were tested for only three representative bid items. In the future, this test could be 

expanded for more than the three bid items used. 
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5. CONCEPTUAL COST ESTIMATION OF HIGHWAY EARTHWORK UNIT PRICES: 

INDICATOR KRIGING APPROACH 

5.1. Introduction 

Finding accurate conceptual cost estimates of a highway earthwork project is a significant 

and challenging problem. Highway construction is a type of construction that takes several 

periods to be completed and involves complex construction process and the use of heavy 

equipment (Bogenberger et al. 2015). Road projects are basic ingredients in a country’s 

development and a large amount of money is allocated for their construction (Choudhari et al. 

2015).  However, these projects are known to exceed the allotted time and cost (Choudhari et al. 

2015). In highway construction, the first step involves the preparation of a survey and layout of 

the entire area where the construction is going to be performed (Bogenberger et al. 2015). After 

the completion of the layout design, earthwork construction is the task that follows in a highway 

construction activity (Bogenberger et al. 2015).  

Earthwork is one of the main activities of highway construction which is complex and 

involves a high amount of cost (Bogenberger et al. 2015). Earthmoving is complex, expensive 

and involves adjusting and preparing subgrades of the proposed roadway (Choudhari et al. 

2015). An enormous amount of earthwork is then placed on the proposed locations (Choudhari et 

al. 2015). The high amount of earth material being carried, and the long-haul distances are the 

reasons for earthwork to incur a high cost (Choudhari et al. 2015). During earthwork 

construction, a great amount of care must be taken owing to the influence it has on the 

surrounding environment (Bogenberger et al. 2015).  The study added, since the impact 

earthwork makes on the surrounding is high, careful assessment technique is implemented on the 

structure and the environmental impact. 
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The main activities associated with earthwork are digging from one site with higher 

grades (cut areas) and moving, placing, and compacting materials to another site with lower 

grades (fill areas) to produce the final road layout (Bogenberger et al. 2015).  Kim et al. (2015) 

also supports this by stating, earthwork is a very significant activity in highway construction, that 

involves cutting, moving, and filling of earth materials to bring the existing ground to the end 

road grade. Digging is a process of extracting and moving a vast amounts of earth materials 

using excavating equipment like excavators, whereas filling is a process of moving and placing 

earth materials in their respective fill areas, cuts, and trenches (Bogenberger et al. 2015). 

Creating the main components of a road by transporting, filling, and compacting large amounts 

of earthworks to the desired density involves the investment of a high amount of cost (Choudhari 

et al. 2015). The study emphasizes that earthwork not only involves digging and filling but also 

the management of the material being transported like obtaining, recycling, and disposing of it 

temporarily or permanently (Bogenberger et al. 2015). According to (Bogenberger et al. 2015), 

maintaining an optimal cost while performing the earthwork is a critical and challenging process.  

The success of a certain construction project is dictated by how well the cost is accurately 

estimated when the project is at the design stage (Juszczyk 2013). Estimates made at the early 

stages have significant importance (Trost and Oberlender 2003). If cost is estimated over or 

under the actual, it will tremendously affect the success of a project (Juszczyk 2013). At the 

initial stage of a project, many parameters of the project are unknown, so assumption are used to 

will fill the gap in knowledge (Juszczyk 2013). Hence, estimates performed at this stage are used 

more on qualitative assumptions than actual quantitative ones (Juszczyk 2013). Despite it being 

usually decided upon general assumptions, the conceptual cost estimation performed at the 

beginning phase plays a significant role (Juszczyk 2013).   
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The accuracy of an estimate is a measurable phenomenon in which the accuracy is 

measured by the magnitude of how the predicted value approaches the accurate value 

(Oberlender and Trost 2001). The accuracy is governed by the following parameters: the 

individuals who prepare the estimation, how the estimation is prepared, and the known 

parameters while the estimation was performed (Oberlender and Trost 2001). Future cost 

estimates highly depend on early cost estimates using it as a base and the future estimate is 

expected to be beneath or equal to the early estimate, which is not usually the case (Oberlender 

and Trost 2001). The final estimate on most projects surpasses the early estimates because of the 

inaccuracy of the initial estimate due to limited scope definition at that stage (Oberlender and 

Trost 2001). A specific project is successful when the early estimate closely resembles the final 

estimate (Oberlender and Trost 2001).  

Accurate early cost estimation is a very vital phenomenon for all stakeholders, 

specifically for the funding agency (Oberlender and Trost 2001). This is because all decisions 

that are involving the funding decisions, like allocations of assets and resources, will be based on 

the accuracy of early estimates (Oberlender and Trost 2001).  Inaccuracy of early estimation 

could result in the loss of bids and project funds (Oberlender and Trost 2001).   

Even though the early estimation is very critical, it is plagued by the limitation of 

information present at this stage, and this lack brings a significant number of errors to the 

estimation (Trost and Oberlender 2003).  According to Trost and Oberlender (2003), estimating 

the cost at the conceptual stage has several constraints which contribute to its inaccuracy, namely 

a significant change in scope, limited time for preparation, difficulty to acquire complete 

information about cost data, change in design, and geography. Even though the early estimates 
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are plagued with these uncertainties, it is one of the most important parameters utilized by 

owners and all stakeholders (Trost and Oberlender 2003). 

This study is focused on estimating the conceptual cost of highway earthwork by using an 

indicator kriging together with exponential and k-Bessel semi-variograms. The study tried to 

compare the combination of the indicator kriging with the two semi-variograms to come up with 

the one which best estimates the cost. The highway earthwork data used for this study was 

acquired from the Iowa Department of transportation and it covers the years 2015 to 2020. All 

values were brought to the year 2021 by using cost index factors from the Iowa Department of 

Transportation. A geostatistical system called Geographic Information System (GIS) was used to 

do the analysis. The methodology part will explain the details of the research, and the outcome of 

the cross-validation results from the software will be explicitly explained in the following 

chapters.  

5.2. Materials and Methods 

Geographic Information System (GIS) was mainly utilized to perform the analysis of this 

study. The growth in usage of computer programs specifically computer graphics in different 

fields like urban, land management, and geocoding around 1960 and 1970, laid the foundation 

for the emergence of Geographic Information System (GIS) (Chang 2016). What makes GIS 

unique as compared to other business management systems is the fact that it incorporates 

geospatial data which is expressed in terms of location (Chang 2016). Geospatial data is data that 

is interpreted with regards to its location and attributes (Chang 2016). Road data is geospatial 

data defined by location and different attributes/ characteristics like length, name, speed limit, 

and direction (Chang 2016).  
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The component constituents of GIS are the users, geospatial data, the hardware, and the 

software (Chang 2016). GIS involves the process of obtaining, processing, and displaying data in 

a presentable form (Chang 2016).  

A map can be prepared using GIS to present a report formally for a professional setting in 

such a way every element on the map like title and legend is written to make it more presentable 

(Chang 2016). On the other hand, maps can also be made informally with the sole purpose of 

manipulating the data on the software (Chang 2016).  GIS has a feature that can assist in printing 

maps or saving it as a graphic file (Chang 2016). GIS has been used in a variety of disciplines 

since it came to existence; land use planning, wildlife habitat analysis, emergency planning, 

precision farming, and health are a few of most of the disciplines where GIS has found its 

application (Chang 2016). With the emergence and growth in usage of GIS, many researchers 

start showing interest in data acquisition, manipulation, storage, and display of spatial data (Cyril 

et al. 2019). GIS highly depend on several technologies for its advancement (Ali 2020). 

Computer programming, remote sensing, mathematics, and computer science are a few of the 

technologies which played significant roles in assisting the development of the software (Ali 

2020). 

Geostatistics is a branch of statistics that explains the spatial characteristics of data and its 

analysis by interpolation and mapping (Eldeiry and Garcia 2010). Geo statistics uses a 

probabilistic model to express the locational characteristics of the variable under study (Kurtulus 

and Sagir et al. 2017). Geo statistics incorporate statistical tools which allow coordinates 

expressing spatial locations of the data to be included (Tripathi et al. 2015). These spatial 

description assists in modeling spatial pattern of data, predicting values at locations where a 

sample is not taken, and assessing the errors that arose while predicting (Tripathi et al. 2015).  
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Geostatistics has a variety of functions (Eldeiry and Garcia 2011). Semi variogram is one 

of the main functions that assist the understanding of the spatial characteristics of data by the 

creation of a model which entails the spatial correlation among variables (Eldeiry and Garcia 

2011).  The variogram is a way in which locational characteristics will be presented by 

measuring the increase in variability of values as the distance between them increases (Kurtulus 

and Sagir et al. 2017). Building a semi-variogram model is the first step and it is a means by 

which the variability of random variables with location is computed (Liu et al. 2004). The 

characteristics of samples vary by location and these variograms are statistical tools that assist 

the study of that behavior (Asa et al. 2012). Dependency of one variable to the other in terms of 

location is the core concept of the semi-variogram model and it plots a graph in which y-axis is 

𝛾(ℎ) and x-axis h distance between the points (Eldeiry and Garcia 2010).  

Kriging model is a model that is used to predict values on locations where there are no 

samples taken (Eldeiry and Garcia 2010).  When predicting using kriging, a weight is applied 

based on the nearest sample taken (Eldeiry and Garcia 2010). Autocorrelation measures and 

relates the kriging model to other interpolation methods (Johnston et al. 2001). It is a 

phenomenon by which things closer together will have similar characteristics whereas things 

further apart will differ (Johnston et al. 2001). What makes kriging like other methods 

specifically the Inverse distance weight (IDW) method is when predicting, kriging uses the 

weighted average of the surrounding points from which the measurement is taken (Johnston et al. 

2001). In spatial autocorrelation, the weight is not only affected by location or how far the 

measured points are located, but also the general assembly between the points where the sample 

is taken (Johnston et al. 2001). What makes kriging like linear regression is the fact that both 
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measure a weight that considers distance (Shamo et al. 2015). On the other hand, what makes 

kriging different is equal weight is allocated to reduce errors variance (Shamo et al. 2015).  

Indicator kriging is a non-linear kriging type where the data values will be transformed 

with the binomial coding system using variables 0 and 1 based on a cutoff value zk (Glacken and 

Blackney 1998). Equation 1 presents the cut off values for a certain value z(x) (Glacken and 

Blackney 1998),  

 𝑖(𝑥; 𝑧𝑘) = {
1     if     𝑧(𝑥) ≥ 𝑧𝑘

0     if     𝑧(𝑥) < 𝑧𝑘
  (5.1) 

In indicator kriging, values that are slightly higher and which are significantly higher than 

a certain cut-off value (zk) will be given the same indicator value (Glacken and Blackney 1998).  

This made the method ideal because extremely high values will not have a significant effect on 

the result (Glacken and Blackney 1998). Indicator Kriging is a non-parametric geostatistical 

method whose approach of prediction of certain value at a certain point, is by estimating the 

probability by which a threshold value zk will be exceeded (Liu et. al 2004). In indicator kriging, 

the threshold/cutoff values are inclusive of the data scale which enables the data to be 

transformed into indicator values (Glacken and Blackney 1998). The semi-variogram will be 

modeled based on the transformed values (Glacken and Blackney 1998). The threshold defines 

the classification of the data by giving a value of 1 to all the data above the threshold and 0 to all 

the data below the threshold (Asa et al. 2012). Both for continuous and definite data, different 

covariances can be applied for different classes which are divided by thresholds (Ying 2000). 

This makes Indicator Kriging a better and more reliable method (Ying 2000). Since indicator 

kriging is non-parametric and it allows for mixed data populations, it became a preferable type of 

kriging widely used (Glacken and Blackney 1998). Indicator kriging is also famous for its 

application with highly skewed data sets (Glacken and Blackney 1998).  
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In geoscience, usually, data will have a highly skewed distribution (Armony 2005). 

Classical geostatistical disregard the shape of the distribution of the data, but indicator kriging 

works better with these kinds of skewed data (Armony 2005). Transforming the data into 0 and 1 

made the coding for Indicator kriging simpler by putting the data together into a single process 

with common coding (Glacken and Blackney 1998). When estimating with multiple indicator 

kriging, it is necessary to define a specific number of thresholds that will be inclusive of the 

entire data set (Glacken and Blackney 1998). The study also states when choosing the number of 

thresholds, the time it takes to complete the analysis should also be considered. The existing 

problems with the present estimation methods; data not being distributed effectively with the 

boundaries and problems with parametric methods of analysis gave rise to the emergence of the 

indicator kriging (Glacken and Blackney 1998). Indicator kriging also found its usage in the 

mining field (Glacken and Blackney 1998).  

Cross-validation assesses if the model appropriately fits the data (Berrar 2018). In cross-

validation, after a value is estimated, the data will be replaced and a new one will be picked, then 

another round of estimation will be done on the remaining data (Liu et al. 2004). Cross-

validation is a popular method of resampling in which model parameters can be manipulated and 

true errors associated with models can be predicted (Berrar 2018). In cross-validation, the 

performance will be estimated and tested quantitatively on new data while the model is being 

built (Berrar 2018)  

The error values calculated by certain equations are significant indicators to say a model 

is acceptable or not (Tripathi et al. 2015).  

Mean Error—is the deviation of the predicted values from the actual measured values 

and can be expressed as follows (Tripathi et al. 2015) 
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 ME = ∑  𝑛
𝑖=1

[𝑧∗(𝑥)−𝑧(𝑥)]2

𝑛
   (5.2) 

Root Mean Square Error—Indicates the approach in which the model accurately 

predicts the measured value (Tripathi et al. 2015). A model is said to perform well when this 

value is smaller, and the equation is given below (Tripathi et al. 2015) 

   RMSE = √∑  𝑛
𝑖=1

[𝑧∗(𝑥)−𝑧(𝑥)]2

𝑛
    (5.3) 

Average Standard Error—is the mean value of the prediction standard error and has the 

following equation (Tripathi et al. 2015)  

 ASE = √
∑  𝑛

𝑖=1 𝜎∗(𝑥)

𝑛
   (5.4) 

Mean Standardized Error—is the average value of all the standardized errors which 

indicates the goodness of the model as it approaches zero and it’s given in equation 7 (Tripathi et 

al. 2015)  

 MSE =
∑  𝑛

𝑖=1
𝑧∗(𝑥)−𝑧(𝑥)

𝜎∗(𝑥)

𝑛
   (5.5) 

Root Mean Square Standardized Error—is another way of testing a certain model 

which implies the goodness of a model as it approaches one (Tripathi et al. 2015). When this 

value is greater than one, the change in the estimation is said to be underestimated, whereas 

when this value is less than one the change is said to be overestimated and is represented by the 

equation as follows (Tripathi et al. 2015). 

  RMSSE =
∑  𝑛

𝑖=1 [
{𝑧∗(𝑥)−𝑧(𝑥)}^2

𝜎∗(𝑥)
]^2

𝑛
   (5.6) 

where z(x) represents the measured value, z*(x) equates the predicted value, and predicted value 

variance is represented by σ*(x) (Tripathi et al. 2015)  
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Fig. 5.1: Indicator kriging approach in developing price model 

Figure 1 shows the method that the research followed to estimate the cost and create a 

price map. Iowa Department of transportation is the source of information in which the data was 

gathered for the study. Highway earthwork cost data was acquired from the Iowa Department of 

Transportation and the data for the years 2015 to 2020 were chosen for the analysis. The 

inflation factor extracted from the department website was applied to the data for each year to 

bring all the data to the year 2021. Outliers were removed from the data then the data was taken 

to GIS to conduct the analysis. In the beginning, it was found that two or more points were found 

to exist at the same location. For that, the maximum was chosen for the analysis.  

GIS has a variety of kriging options to choose from ordinary, simple, universal, indicator, 

probability, and disjunctive kriging. The center of focus for the study which is indicator kriging 
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was chosen. For the indicator kriging, map for probability and map for standard errors were the 

two options presented. The probability map was chosen since the study focuses on that. The 

mean value of the data was then used as a threshold value. For the threshold, the exceed option 

was chosen, which means values exceeding the threshold/mean will be given a value of one, and 

values less than the threshold will be given a value of zero. There was no additional number of 

cut-offs added, only one cut off, the mean value was used for this study. The next step was 

drawing the semi-variogram models. GIS gave a variety of models; Circular, spherical, tetra 

spherical, Penta spherical, exponential, gaussian, rational quadratic, hole effect, k-Bessel, J-

Bessel, stable. For this study, exponential, and k-Bessel semi-variogram models were chosen. In 

the model building process, for function type the software gave two options; semi-variogram and 

covariance, semi-variogram was chosen. Model optimization was done for all functions. Model 

nugget was enabled, false anisotropy was chosen, and standard neighborhood type was used to 

build the model. After building the semi-variogram model, cross-validation was implemented to 

assess the performance of the model by carefully analyzing the errors. The error variables used to 

assess the performance of the models were mean, root-mean-square, mean standardized, root-

mean-square-standardized, average standard error. These variables were assessed to measure the 

performance of the two models: exponential and k-Bessel.  

5.3. Semi Variogram Modeling 

Before the analysis has begun, outliers were detected and removed using Minitab and 

GIS. Grubbs technique on Minitab, and histogram and QQ plot charts on GIS were used to 

identify and clean the outliers. At first, indicator kriging paired with exponential semi-variogram 

was drawn for each year and each unit work separately and then followed by a K-Bessel 

variogram.  The two models were then compared to see which performed better. When doing the 
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analysis, all models were optimized to minimize errors. Two figures are attached here to show 

how the optimized model differs from the non-optimized for the unit work of excavation boulder 

for the year 2016 when the k-Bessel semi-variogram is used. 

 

K-Bessel semi-variogram (Emb 2016)- before optimization                    K-Bessel semi-variogram (Emb 2016)- after optimization 

Fig. 5.2: K-Bessel semi-variograms before and after optimization-indicator kriging. 

As it is shown in the comparison for the above two models, before optimization the data 

points were all highly spread away from the trend line. But for the same data when the model is 

optimized, the points seem to better fit the model because of the reduction of error of prediction. 

The same optimization of models was done for all items of work for all years.  

Attached here are sample semi-variograms drawn when the exponential and the k-Bessel 

variograms were implemented on each year and each unit item of work. 
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Optimized Exponential semi-variogram (Emb 2016)                 Optimized K-Bessel semi-variogram (Emb 2016) 

 

Optimized Exponential semi-variogram (Emb 2018)  Optimized K-Bessel semi-variogram (Emb 2018) 

 
Optimized Exponential semi-variogram (Exc Bou 2016)                      Optimized K-Bessel semi-variogram (Exc Bou 2016) 

Fig. 5.3: Exponential and k-Bessel semi variograms for sample bid data-indicator kriging 
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Optimized Exponential semi-variogram (Exc Bou 2018)                         Optimized K-Bessel semi-variogram (Exc Bou 2018) 

 

Optimized Exponential semi-variogram (Exc RB 2015)                         Optimized K-Bessel semi-variogram (Exc RB 2015) 

 

Optimized Exponential semi-variogram (Exc RB 2017)                         Optimized K-Bessel semi-variogram (Exc RB 2017) 

Fig. 5.3: Exponential and k-Bessel semi variograms for sample bid data-indicator kriging 

(continued) 
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As shown in the figures above, two semi-variograms; exponential and k-Bessel semi 

variograms for each unit work and each year were presented. All the semi-variograms were 

optimized. By careful observation of the semi variograms, it was found that Exponential semi-

variogram seems to better fit the data 

5.4. Cross Validation 

An accurate way of validating would be analyzing the cross-validation results using error 

values. The error values that were used to decide on the validity of the models in this study are 

the mean and mean standardized, the root mean square standardized, the mean standardized and 

the average standard error. Attached here is the sample figure of the comparison between the two 

models. 
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Fig. 5.4: Cross-validation results for sample cost data-indicator kriging 

The above-attached figures are two sample results for each item of work and year. The 

analysis for the other years and items of work was conducted and the results are presented as 

follows. According to the cross-validation result; For embankment 2015, the k-Bessel semi-

variogram showed a better result. For excavation boulder 2015, the exponential semi-variogram 

showed a better result, and for excavation roadway and borrow 2015, the exponential semi-

variogram performed better. From the assessment of the results for the year 2015, the overall 

exponential semi-variogram seems to perform better. For the year 2016, for both unit items of 
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work, embankment, and excavation boulder, both k-Bessel and exponential showed similar 

results on all kinds of cross-validation error assessment results on the study.  Since both show the 

same result, it is concluded that either one of the two models can be chosen. But for excavation 

roadway and borrow 2016, the exponential semi-variogram showed a better result. When 

summarizing, for 2016 overall exponential model was proven to perform better with less error. 

For the year 2017, the results are presented as follows. For embankment 2017, the exponential 

semi-variogram showed better result. For excavation boulder 2017, the k-Bessel semi-variogram 

showed a better result. For excavation RB 2017, the k-Bessel semi-variogram performed better 

which makes k-Bessel a better model for the year 2017. For the year of 2018; embankment 2018, 

k-Bessel semi variogram showed the better result, excavation boulder 2018, exponential semi-

variogram showed the better result, and excavation RB 2018, exponential semi-variogram 

performed better which brings to the conclusion, for the year 2018, exponential-semi variogram 

seems to produce a better result. For the year of 2019; embankment 2019, exponential semi-

variogram showed the better result, excavation boulder 2019, exponential semi-variogram 

showed better result, excavation roadway and borrow 2019, exponential semi-variogram 

performed better which makes exponentials semi-variogram a better model overall for 2019. For 

the year 2020; embankment, 2020 exponential semi-variogram showed a better result, excavation 

boulder, 2020 k-Bessel semi-variogram showed a better result, and excavation RB, 2020 k-

Bessel semi-variogram performed better which makes k-Bessel variogram take the lead on the 

bid items understudy for the year 2020. 

Summarizing the results for the different years; for 2015, exponential has shown better 

results of the model for unit items of work excavation boulder and excavation roadway and 

borrow, while the k-Bessel was better for the embankment unit work, which overall made the 
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exponential take the lead. For the year 2016, for embankment and excavation boulder the two 

models showed similar results but for the excavation RB unit work, exponential showed the 

better result, which makes the exponential to perform better overall for that year. For the year 

2017, exponential was a better model for the item of work embankment, but for the two items of 

work excavation boulder and excavation roadway and borrow, k-Bessel showed better result, so 

overall k-Bessel took the lead for 2017. For the year 2018, excavation boulder and excavation 

roadway and borrow showed better results for exponential, whereas embankment showed better 

results for k-Bessel, which makes exponential take the lead for this year. For the year 2019, on 

all items of work under study, the exponential showed the better result. For the year 2020, 

excavation boulder and excavation roadway and borrow showed better results for k-Bessel 

whereas embankment showed better results for exponential, making the k-Bessel to better predict 

the data for that year. From the entire result, it was seen that k-Bessel performed better with less 

error for the years 2017 and 2020 whereas all the other years’ data performed better with the 

exponential semi-variogram, which makes exponential to be the chosen when the overall result is 

compared. The figure below shows the price maps for sample cost data of embankment 2019 and 

excavation roadway and borrow 2018 and 2019. 
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Fig. 5.5: Embankment 2019 price map 

 

Fig. 5.6: Excavation roadway and borrow 2018 price map 
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Fig. 5.7: Excavation roadway and borrow 2019 price map 

5.5. Conclusion 

It is challenging to prepare accurate estimations when the project is at the initial stage. 

Highway earthwork projects are known for their high magnitude of work and high investment 

involved which makes them even more detrimental if cost is estimated incorrectly at the 

beginning phase of a project. Highway earthwork is a significant unit item of work, but there is a 

gap in finding the best way to estimate the cost at the early stage because of the limited data 

available. This study was conducted to find a better estimating way for early cost estimation of 

highway earthwork by using past data from the year 2015 to 2020 from the Iowa department of 

transportation. The data for the years were brought to the year 2021 by using an inflation factor 

extracted from the department of transportation website. Two semi variograms: exponential and 

k-Bessel were tested to see which one performs better with indicator kriging. GIS was the 
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medium used for the analysis. From the results obtained, it was noticed that the exponential 

semi-variogram performed better for the years 2015, 2016, 2018, and 2019 whereas the k-Bessel 

performed better for the years 2017 and 2020, which makes the exponential semi-variogram 

better for the specifically chosen unit items of work in this study. This study helps the earthwork 

construction industry by bringing a better conceptual cost estimation method. This study is 

specified only on three available bid items, so future studies can be made on more items of work 

and the results can be cross-checked.  
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6. COMPARISON OF INDICATOR KRIGING AND EMPIRICAL BAYESIAN KRIGING 

FOR CONCEPTUAL COST ESTIMATION OF HIGHWAY EARTHWORK BID ITEMS  

6.1. Introduction 

The earthwork associated with road work is known for involving an enormous amount of 

materials that are moved from cut areas to fill areas; sometimes a long hauling distance (Askew 

et al. 2002).  Earthwork is the major construction activity and involves cutting, transporting, 

filling, and compacting materials to bring the road level to the desired level along the route at 

considerable costs (Zitta et al. 2019).  Minimizing the time and cost it takes to perform earthwork 

activity is fundamental to the successful completion of highway projects (Askew et al. 2002). 

The planning phase of earthwork is plagued with difficulties which are the results of the 

challenges associated with the selection of main earthwork activities (Askew et al. 2002). 

Decisions on the relationship between the activities and factors associated with the equipment 

used make the planning process difficult (Askew et al. 2002). Planning of earth materials must 

be done with extra care because of the high amount of cut and fill processes needed per a single 

strip of the road (Askew et al. 2002). Given the significant cost associated with an earthwork 

construction project, there is a need to develop accurate conceptual cost estimation (Zitta et al. 

2019). 

The planning and decision on the feasibility of a project are highly dependent on the 

accuracy of the estimate made at the initial phase of a project (Sodikov 2005). Estimating project 

cost at the early phase has its challenges owing to the limited amount of information, incomplete 

road work data, and absence of accurate cost estimation methods (Sodikov 2005). More 

information about the project will be known as the project proceeds which makes estimates made 
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along the end more accurate than the estimates made at the initial phases of a project (Sodikov 

2005). 

According to Oberlender and Trost (2001), construction and engineering jobs benefit 

society the most when the early cost is estimated precisely.  Accurate cost estimation assists 

project owners in making good budget decisions, saving them from the loss of opportunities 

(Oberlender and Trost 2001).  Accurate cost estimation is also used by different project 

stakeholders as a measure of project success because project success is measured by how the 

early cost estimation and the actual cost after construction resembles (Oberlender and Trost 

2001). Initial cost estimates are important because future estimates are based on them 

(Oberlender and Trost 2001). If initial cost estimates are done accurately, future estimates should 

be less than or equal to initial estimates (Oberlender and Trost 2001). But future estimates 

usually are higher than expected (Oberlender and Trost 2001). Even though the significance of 

the early cost estimate is higher, the information provided at the early stage is still limited 

(Oberlender and Trost 2001). 

 Given the importance of early conceptual cost estimation and the limited approach 

specifically on conceptual cost estimation of highway earthwork projects, this study employed 

Indicator kriging and empirical Bayesian kriging to estimate the cost of earthwork and compared 

the results of the two methods. Earthwork cost data set acquired from the Iowa department of 

transportation was used for the research. Data of an earthwork for three bid items embankment, 

excavation boulder, and excavation roadway & borrow from the year 2015 to 2020 were 

collected for the study. The error values from the cross-validation were used as a base of 

comparison. The methodology followed is presented in the coming chapters. A careful 
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assessment of the results was done, and the study was concluded by suggesting the combination 

that gives a better result with less error.  

6.2. Material and Methodology 

Kriging types can be divided into two: linear and nonlinear; simple kriging, ordinary 

kriging, universal kriging, Bayesian kriging, and factorial kriging are listed as linear kriging 

whereas lognormal kriging, multi-gaussian kriging, disjunctive kriging, indicator kriging, 

probability kriging, and rank kriging are classified as nonlinear kriging (Asa et al. 2012). 

There are some cases where it is impossible to use a gaussian random process for 

modeling certain kinds of distributions, where the data is positively skewed instead of being 

normally distributed (Moyeed and Papritz 2002). The study stated that in such cases, nonlinear 

kriging will perform better than linear. However, it should be used with extra care to ensure 

accuracy (Moyeed and Papritz 2002).  

In this study, empirical Bayesian kriging and the nonlinear kriging type, indicator kriging 

was compared to estimate the unit price of highway earthwork projects. The data used for the 

study was collected from the Iowa department of technology of highway earthwork data from the 

year 2015-2020. The semi-variogram types used in the comparison are exponential and K-Bessel 

semi-variograms.  

A variety of disciplines like engineering and earth sciences start to incorporate the 

principles of geostatistics for the prediction and simulation of various variables (Olea 2006). It 

needs important preparation and careful choices ahead of time by assessing the risks that might 

occur (Moyeed and Papritz 2002). What makes geo statistics unique as compared with the 

classical kinds of statistics is the analysis of spatial autocorrelations (Olea 2006). Geostatistics 

assume that if things are closer together, they will have similar values, and if they are further 
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apart, they will have different values (Olea 2006). The study further elaborates that when there 

are smaller values, the values surrounding will also have smaller values and when there are large 

values, the values surrounding will also have larger values. Autocorrelation is considered as a 

core value in most applications of Geostatistics and it comes along with the development of 

semi-variogram and covariance (Olea 2006).   

The development of a semi-variogram pertains to be the most significant characteristic of 

geostatistics application and many types of research exist around it (Olea 2006). Semi variogram 

is half the variance of the difference of two variables which are h distance apart (Olea 2006). 

When assessing the property of semi-variograms, there are always two points under the study, 

whose similarity in terms of separation distance and respective location are measured (Olea 

2006). According to the study, uncertainty plays a significant role in statistics and geostatistics. 

The semi-variogram value calculated is an estimated value rather than being the actual true value 

which is unknown (Olea 2006).  Among the different kinds of semi-variograms, the unbiased 

estimator one is the one that is popular, and it is shown in the equation below (Olea 2006). 

 Y(h) = 1/2𝑛(ℎ) ∑ [z(Xi + h) − z(Xi)]^2
𝑛(ℎ)

𝑖=1
   (6.1) 

Where: Y(h) is experimental semi-variogram 

Xi is the location of a point 

Z(Xi) is the measurement at location Xi 

h is the distance between points or lag 

n(h) is the number of pairs h units apart in the direction of the vector 

Some of the most common types of simple semi-variogram models are presented here 

(Olea 2006)  

For 0<∂ and 0<C 
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 Exponential Model: 𝐸𝑥(ℎ) = 𝐶(1 − 𝑒−3ℎ/𝑎)   (6.2) 

 Gaussian Model: 𝐺(ℎ) = 𝐶 (1 − 𝑒−3(
ℎ

𝑎
)^2)   (6.3) 

 Power Model: 𝑃(ℎ) = 𝜕ℎß, 0 < ß < 2   (6.4) 

 Sine hole effect: 𝑆(ℎ) = 𝐶(1 −
sin (

𝜋h

a
)

𝜋h

a

)   (6.5) 

When performing any kind of kriging it is necessary to model a semi-variogram (Olea 

2006). It has always been an issue finding weights to minimize error which gave rise to the term 

called quadratic minimization error in kriging (Olea 2006). According to (Krivoruchko 2001) 

kriging is known for interpolating exact points. At points where data is not collected, kriging 

prediction will have a smooth change in the prediction map but when it reaches the points where 

data is collected, it will show a sprint to align to the measured value (Krivoruchko 2001). The 

significant aspect of the kriging method is it considers location (Luo et al. 2017). The study 

further stated errors of predicted values will be minimized and accuracy will be maintained by 

kriging. Indicator kriging draws probability maps which divides the probability of occurrence of 

values by a certain threshold (Krivorishko 2001). According to (Lloyd and Atkinson 2001), 

indicator kriging brings a solution to the normality requirements of a data and indicates the 

independence of standard errors on the data. The same study states that in indicator kriging 

different cut-off values are taken and at each cut-off value the conditional cumulative 

distribution function (CCDF) is predicted by the least square estimate (Lloyd and Atkinson 

2001).  

Geographic Information system (GIS) was the system used to perform the analysis.  

Geographic is to state the fact that location is a key factor, Information is to emphasize the 

importance of the information that will be gained from the data analysis to decide, and the 
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system is to state that the whole user, hardware, and software is working as a system to give 

information (Ali 2020). GIS is a computer-based program that helps in making decisions by 

manipulating and presenting data that are referenced based on their location (Ali 2020). 

Geographic information is generated, stored, processed, and presented by using the computing 

software called GIS which incorporates software, hardware, data, users, and institution (Ali 

2020).  

Cross-validation is a means that compares interpolated and actual values (Asa et al. 

2012). After the prediction is done using kriging, true prediction error which relates the 

actual(Z*(xi)) with the estimated(Z(xi)) will be calculated (Asa et al. 2012). The error equations 

are presented as follows (Asa et al. 2012)  

 Mean Prediction Error (Mean) = 1/𝑛 ∑ [𝑧(𝑥𝑖) − 𝑧^ ∗ (𝑥𝑖)]
𝑛

𝑖=1
   (6.6) 

  Standard Mean Prediction Error (SM) = 1/𝑛 ∑ (𝑀𝑒𝑎𝑛/𝛿^2(𝑥𝑖))
𝑛

𝑖=1
   (6.7) 

  Root Mean Square Error (RMSE)  = √1/𝑛 ∑ [𝑧(𝑥𝑖) − 𝑧^ ∗ (𝑥𝑖)]
𝑛

𝑖=1
 ^2  (6.8) 

 Standardized root mean square prediction error (RMSES) = √1/𝑛 ∑ (𝑀𝑒𝑎𝑛/𝛿^2(𝑥𝑖))
𝑛

𝑖=1
^2) (6.9) 

 The average standard error (ASE) = 𝑆/√𝑛   (6.10) 

Where s = standard deviation 

n = number of data 

𝛿^2(𝑥𝑖)   = variance at location i (Asa et al. 2012), 
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Fig. 6.1: Research methodology 

Fig 1 depicts the methodology the study is going to follow. Data for embankment, for 

excavation boulder, and excavation roadway & borrow from the year 2015 to 2020 were 

gathered from the Iowa Department of Transportation. Outliers were removed using GIS and 

Minitab. The inflation cost index to bring the prices to the year 2021 was applied on all the data 

points from 2015 to 2020. For places where two or more samples exist at the same location, the 

maximum was chosen. The complete data set was then tested both for empirical Bayesian 

kriging and indicator kriging. For the EBK, log transformation was chosen, and exponential and 

k-Bessel semi-variograms were selected. For the Indicator, the threshold was chosen as 
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exceeding, numbers exceeding the threshold were given a value of one, and numbers below were 

given a value of zero. The mean was chosen to be the threshold value, and no additional cutoffs 

were taken for the analysis. The models were all optimized and similarly exponential and k-

Bessel semi-variograms were chosen to aid the comparison. After building the semi-variogram, 

the next step followed was cross-validating and comparing the error value to check which of the 

models performed better. Mean, Root-mean-square, mean standardized, root mean square 

standardized, and average standard error were the error parameters that were used to do the 

comparison. The cross-validation contributed to the final decision regarding the choice of the 

model.  

6.3. Cross Validation Results 

Error-values were compared, and models were validated by carefully analyzing if the root 

mean square and average standard error are close enough, the root mean square standardized is 

close to one or if the mean and mean standardized are close to zero. 
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Fig. 6.2: Cross-validation result for embankment-comparison 
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Fig. 6.3: Cross-validation result for excavation boulder-comparison 
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Fig. 6.4: Cross-validation result for excavation roadway and borrow-comparison 

As shown in the figures above, the cross-validation analysis was started by comparing 

embankment 2015 values, for EBK exponential and indicator exponential, and the EBK k-Bessel 
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and indicator k-Bessel. As shown in the figure, it is seen that in both classes, when comparing 

the root mean square to the average standard error, the values for indicator kriging are closer 

than the values for the EBK. For EBK exponential in this year, the indicator value for root mean 

square standardized is shown to be closer to one as compared to the EBK, and both the mean 

values, mean and mean standardized were closer to zero as compared to the EBK which makes 

the indicator exponential to be chosen for embankment 2015. Similarly, For the k-Bessel semi-

variogram, the root mean square of the k-Bessel is closer to one for the indicator than the EBK, 

and the mean values mean standardized, and mean are closer to zero for the indicator than the 

EBK. This again makes indicator k-Bessel to be chosen for embankment 2015. 

For embankment 2016, within the indicator kriging, the error values for the two models, 

exponential and k-Bessel seem to show a similar result. A separate comparison was done for the 

EBK and the indicator kriging. Again, as shown in the figure the difference between root mean 

square and average standard error was lower for the indicator than the EBK. On the analysis for 

the exponential for the indicator and EBK, the root mean square standardized for the indicator is 

close to one than the EBK.  And the mean values for the indicator are closer to zero than they are 

with EBK. This leads to the conclusion of choosing the indicator exponential for embankment 

2016. Similarly, for the k-Bessel semi-variogram again the root mean square standardized for the 

indicator is closer to 1 than the EBK, and the mean values for the indicator are closer to zero than 

the EBK counterpoints, for this reason, indicator K-Bessel for embankment 2016 was chosen. 

For embankment 2017, both for the exponential and k-Bessel, the difference between root 

mean square and average standard error is lower for the indicator than the EBK. For the 

exponential, as shown in the figure, the root mean square standardized for the indicator is closer 

to one than that for the EBK, and the mean and mean standardized for the indicator is closer to 
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one than EBK so indicator exponential for embankment 2017 was chosen. For the k-Bessel even 

though the root mean square standardized is closer to one for EBK than the indicator since the 

mean and mean standardized are closer to zero indicator k-Bessel for Embankment 2017 was 

chosen. By similar approach for embankment 2018, the analysis of the results showed that 

indicator exponential and indicator k-Bessel were found to be the better models. For 

embankment 2019, both for the exponential and k-Bessel, the difference between root mean 

square and average standard error is lower for the indicator than the EBK. For the exponential, 

since the root mean square standardized is closer to one for indicator than the EBK, and the mean 

and mean standardized of indicator is closer to zero, indicator exponential for embankment 2019 

was chosen.  Similarly, for the k-Bessel semi-variogram, the root mean square standardized for 

the indicator is shown to be closer to one than the EBK, and the mean values for the indicator are 

closer to zero than the EBK counterpoints. For this reason, the study was led to choose indicator 

k-Bessel for embankment 2019. 

For embankment 2020, both for the exponential and k-Bessel, the difference between root 

mean square and average standard error is lower for the indicator than the EBK. For the 

exponential, since the root mean square standardized is closer to one for indicator than the EBK, 

and the mean and mean standardized of indicator is closer to zero, indicator exponential for 

embankment 2020 is chosen. Similarly, for the k-Bessel semi-variogram, the root mean square 

standardized for the indicator is closer to one than the EBK, and the mean values for the 

indicator are closer to zero than the EBK counterpoints, for this reason, indicator k-Bessel for 

embankment 2020 is chosen. 

A similar approach was followed for excavation boulder and excavation roadway and 

borrow unit items of work. For excavation boulder, exponential semi-variogram, for all years 
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from 2015-2020, indicator kriging performed better than the EBK with less error, making the 

indicator exponential to be chosen for excavation boulder 2015- 2020. Similarly, for the k-

Bessel, indicator k-Bessel for excavation boulder 2015- 2020 was chosen. For the excavation 

roadway and borrow unit of work exponential, again following a similar approach, indicator 

exponential for excavation roadway and borrow 2015- 2020 and indicator k-Bessel for 

excavation roadway and borrow 2015- 2020 were chosen. The assessment done indicates that for 

the chosen bid items, the indicator kriging seems to better predict the cost data with less error 

with both kinds of semi-variograms.  

6.4. Conclusion 

Accurate conceptual cost estimation of earthwork is a challenging activity. Earthwork is 

considered as a major construction activity of a highway construction. At the initial stage of 

construction, because of the limited data available, it is challenging to estimate the conceptual 

cost of highway earthwork accurately. Accurate estimation of highway earthwork cost is critical 

because of its high magnitude. The study conducted an estimation method that compared 

empirical Bayesian kriging with indicator kriging for the same type of semi variograms-

exponential and k-Bessel. Three highway earthwork bid items were collected from the year 2015 

to 2020 from the Iowa Department of Transportation. The inflation factor was used to bring the 

price values for each year to 2021. The analysis from the cross-validation represents that the 

indicator kriging performs better than the empirical Bayesian kriging with less error to predict 

the cost for the unit items of work presented under the study, for both exponential and k-Bessel 

semi variograms. This paper contributes to the existing knowledge, the application of indicator 

kriging and empirical Bayesian kriging, by comparing the prediction errors associated with the 

exponential and k-Bessel semi-variograms to choose the more accurate early estimation 
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approach with less error. This study can be used as a base for future studies to apply different 

kriging methods with different semi variogram combinations to bring a better accurate estimation 

method.   
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7. CONCLUSION AND RECOMMENDATION 

It is challenging to estimate highway earthwork costs at the initial stage of the project. 

There is only a limited amount of study conducted on the conceptual cost estimation of highway 

earthwork. The objective of this paper is to predict highway earthwork cost accurately at the 

conceptual stage of construction by using two spatial statistical methods-empirical Bayesian 

kriging and indicator kriging methods together with exponential, whittle, and k-Bessel semi-

variograms. Iowa Department of Transportation was the source of the earthwork cost data 

providing unit costs for the three bid items: embankment, excavation boulder, and excavation 

roadway and borrow for the years 2015 to 2020. The prices were brought to the year 2021 by 

considering inflation. 

 The research is divided into seven chapters. In the first chapter of the introduction, the 

paper introduced the background of highway earthwork construction and conceptual cost 

estimation. This chapter presented the research questions that were addressed in the subsequent 

chapters. The second chapter is the systematic literature review chapter which addressed research 

questions one and two. The findings for research question one suggests that not enough literature 

was conducted on the conceptual cost estimation of highway earthwork construction projects. 

But few papers were collected that used computerized systems to estimate the cost of highway 

earthwork cost, others used regression models, artificial neural networks, and mathematical 

equations. The common phenomenon that was witnessed in the majority of the studies was the 

scarcity of data in which a better organization of data was recommended. For research question 

two, different factors were identified from different studies that affect the conceptual cos 

estimation of highway earthwork projects. Amongst the factors, the location factor was the one 

that was seen repeatedly on the articles. This creates the base of this study, finding means of 
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prediction that incorporates the effect of location. The third chapter was exploratory data analysis 

and, in this chapter, the trend of the cost data from the Iowa Department of Transportation was 

carefully analyzed. The findings indicate that several outliers which are extreme values out of the 

range of the data and boarder were screened and removed by using histograms and QQ plot in 

Geographic Information System (GIS) and Grubbs test in Minitab. It was also noticed that the 

majority of the data points show a distribution that is skewed to the right so normalization was 

applied on them.  In chapter four, to answer research question three, empirical Bayesian kriging 

was implemented together with exponential, whittle, and k Bessel semi-variograms to compare 

and choose the more accurate combination that gives less error. The findings show that the 

exponential detrended semi-variogram performed better than the other two semi-variograms 

when the cross-validation error values were analyzed for the majority of bid items. In chapter 

five indicator kriging was applied to the cost bid data in combination with exponential and k-

Bessel semi-variograms to answer research question four. Similarly, by the close analysis of the 

cross-validation error values, the combination of indicator kriging with exponential semi-

variogram showed a more accurate result with less amount of error values than the corresponding 

k-Bessel semi-variogram for the majority of the bid items for the years 2015-2020. In the sixth 

chapter, empirical Bayesian kriging was compared to the indicator kriging in combination with 

exponential and k-Bessel semi-variograms. The finding from careful analysis of error values 

from cross-validation results suggested that indicator kriging performed better with less error for 

both combinations of exponential and k-Bessel semi-variograms. 

The findings from this study will be beneficial to the construction industry by 

incorporating kriging methods into the conceptual cost estimation process specifically on 

highway earthwork projects by considering the effect of location. The comparison of the various 
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kriging methods presented in this study will assist in increasing accuracy in prediction by 

reducing error.  Even though the study assists the conceptual cost estimation, it has limitations. 

This study used only three available bid items. So future studies can perform the same method on 

various kinds of bid items to cross-check the results. And also, this research is specified only to 

three semi-variograms; exponential, whittle, and k-Bessel, so further research can be conducted 

on other variety of semi-variograms. 


