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Abstract 

SYSTEM DYNAMICS APPROACH FOR WHOLE LIFE CYCLE COST MODELLING OF 

RESIDENTIAL BUILDING PROJECTS IN UNITED ARAB EMIRATES   

 
 

Purpose ï Project management field is experiencing many challenges to maintain its 

performance and delivery within planned time, budget, and quality. Latest research focused on 

cost modelling and estimation. There is a high demand to have many developments within a 

short period and acceptable quality. The significance of cost modelling comes from the 

forecasted information value. This research study aims to model project's whole life cycle costs 

of residential buildings in UAE at the preconstruction stage, choosing VENSIM system 

dynamics approach. The objective is to simulate dynamically cost over time for all outputs. 

Design/methodology/approach ï The approach of this research is pure quantitative. It 

requires mapping diagrams and mathematical computation systems. Research questions were 

answered as a gear unit to build the final cost model. Identifying cost risks values are the first 

required answer. These values are extracted from field experts. Data validity and reliability are 

conducted using mechanistic (hypotheses) mathematical models (correlation and regression). 

Adjusting cost risks are computed using Monte Carlo stochastic mathematical model. Finally, 

VENSIM system dynamics final cost model is developed approaching empirical, dynamic 

(stock and flow), and deterministic mathematics.   

Findings ï The result of system dynamics approach investigation revealed that it can model 

project's total expenditure (TOTEX) dynamically over time, including cash flow and NPV.   

Limitations  ï The modelôs verification process could not verify OPEX estimation accuracy 

due to the absence of OPEX real data in UAE. This is because UAE age (å 50 year) is less than 

the model's lifecycle (60 years). The model is developed for residential buildings in UAE. This 

requires further investigation to check the ability of system dynamics approach to model costs 

for other project types and/or in other geographical regions. It is required to check the model's 

response against changing/adjusting the used mathematical system to ensure the maximum 

accuracy of system dynamics approach for cost modelling. It is compulsory to investigate 

system dynamics cost modelling response against adapting deferent demolition scenarios.  

Theoretical implications ï The final system dynamics cost model is incorporating TOTEX 

cash flow and net present value estimates for each time step across the project's whole life cycle 

at the preconstruction stage. This is achieved by applying adjusting risks on project's initial 

cost at the preconstruction stage with respect to cost and risk behaviours at each time step. Cost 

impact is following an increasing S-Curve behaviour during CAPEX time and risk impact is 

following a decreasing S-Curve behaviour during CAPEX lifetime. Both cost and risk impacts 

are linearly increasing during OPEX lifetime. And NPV is following a negative exponent 

behaviour over TOTEX lifetime. The applied adjusting risks are comprising three value levels. 

Minimum, mean, and maximum cost risks. Simulated costs under adjusting risks' levels can be 

presented in the same exported data sheet. All cash flow scenarios, under three cost risks levels, 

can be trended in the same chart, simultaneously, including all project's lifecycle time steps.  

Practical implications ï TOTEX and NPV accurate estimation outputs are the most important 

criteria for future investments decisions. In addition, modelling project's cash flow is the most 

helpful approach to apply stochastic area method (easy-to-apply) analysis. Multiple scenarios 

provide better understanding of future events. 

Originality/value  ï This research significant contribution to the project management body of 

knowledge is accomplished by providing the first cost model, approaching system dynamics, 

for residential building projects' whole lifecycle.  
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ЌϽПЮϜ ï ЇгЮϜ ϢϼϜϸϖ Ьϝϯв йϮϜнт Йтϼϝ ϤϿЪϼ .ϢϸнϯЮϜм ϣужϜϿугЮϜм йЮ БГϷгЮϜ ϥЦнЮϜ егЎ йгуЯЃϦм йϚϜϸϒ пЯК ДϝУϳЯЮ ϤϝтϹϳϧЮϜ ев ϹтϹЛЮϜ

 .ϝкϽтϹЧϦм ϣУЯЫϧЮϜ ϣϮϻгж пЯК ϨϝϳϠцϜ ϨϹϲϒТнГϧЮϜ ев ϹтϹЛЮϜ пЯК ϽуϡЪ ϟЯА Шϝзлт ϤϜϽ Ьы϶ ϢϽϧТм ϢϽуЋЦϢϸнϮ  ϣϮϻгж ϣугкϒ сϦϓϦ .ϣЮнϡЧв

мϸ сТ ϣузЫЃЮϜ сжϝϡгЯЮ ЭвϝЫЮϝϠ ИмϽЇгЮϜ Ϣϝуϲ Ϣϼмϸ СуЮϝЫϦ ϣϮϻгж пЮϖ ϣуϫϳϡЮϜ ϣЂϜϼϹЮϜ иϻк РϹлϦ .ϣЛЦнϧгЮϜ ϤϝвнЯЛгЮϜ ϣгуЦ ев ϣУЯЫϧЮϜ ϣЮ

м ̪ ̭ϝзϡЮϜ ЭϡЦ ϝв ϣЯϲϽв сТ ϢϹϳϧгЮϜ ϣуϠϽЛЮϜ ϤϜϼϝвшϜ бϦ ϹЦувϝзтϸ ϭлж ϼϝуϧ϶ϜϝуЫ ϤзЮϜаϝЗз Юϝϳг ЙугϯЮ ϥЦнЮϜ ϼмϽв Йв ϣуЫувϝзтϹЮϜ ϣУЯЫϧЮϜ ϢϝЪ

ϤϝϮϽϷгЮϜ. 

ϭлзЮϜ/ϣуϯлзгЮϜ/бугЋϧЮϜ ï  ̵гЪ нк ϩϳϡЮϜ Ϝϻк ϭлжс ХЯГв ЭЫЇϠ ϣугЫЮϜ м ϣуЎϝтϽЮϜ ϤϝϠϝЃϳЮϜ пЯК ϹгϧЛт м ̪сЂϝЂϒ ЭЫЇϠ . ̪еЫЮ м ϟЯГϧт

 ϩϳϡЯЮ сгЫЮϜ бугЋϧЮϜ БϚϜϽ϶ бЂϼЍЛϡЮϜ ϝлЏЛϠ Йв ϝлϦϝЦыК м ϬϺнгзЮϜ ϤϜϽуПϧгЮ ϣуϳуЎнϦϣϠϝϮшϜ ϥгϦ ..  ЀмϽϦ ϢϹϲнЪ ϩϳϡЮϜ ϣЯϛЂϒ пЯК

 .ϣуϚϝлзЮϜ ϣУЯЫϧЮϜ ϬϺнгж ̭ϝзϡЮ бϧТ ϣУЯЫϧЮϜ ϽАϝϷв буЦ ϹтϹϳϦ ев Э̲ϡ̴Ц ̭ϜϽϡϷЮϜ м ̪сгЯЛЮϜ ЬϝϯгЮϜ сТϣϠнЯГв ϣϠϝϮϖ Ьмϒ ск . бϦев ХЧϳϧЮϜ  ϣϳЊ

ϤϝуЎϽУЮϜ) ϣуЫужϝЫугЮϜ ϣуЎϝтϽЮϜ ϬϺϝгзЮϜ аϜϹϷϧЂϝϠ  ϤϝжϝуϡЮϜ  =hypotheses ϣϮϻгзЮ () ϤϝжϝуϡЮϜ АϝϡϦϼϜcorrelation and regression .(

ϞϝЃϲ бϦ ϣгуЦ Ϻнгж аϜϹϷϧЂϝϠ ϣУЯЫϧЮϜ ϽАϝϷв БϡЎ нЮϼϝЪ сϧжнв ϬсЎϝтϽЮϜ  ϣугЫЮϜ ϣуϚϜнЇЛЯЮ(Monte Carlo stochastic model) .

 ϣуϚϝлзЮϜ ϣУЯЫϧЮϜ ϬϺнгж ϽтнГϦ бϦ ̪ ϜϽу϶ϒм буЃзуТ ϞнЂϝϳЮϜ ϭвϝжϽϠ аϜϹϷϧЂϝϠ сЫувϝзтϹЮϜ(VENSIM) гзЮ м сгЪ ЭЫЇϠ сЫувϝзтϹЮϜ аϝЗзЮϜ ϣϮϻ

пЯК буЃзуТ ϹгϧЛтм .ϣуЮϝК ϣЦϸ  ϣуЫувϝзтϹЮϜм ϣуϡтϽϯϧЮϜ ϤϝуЎϝтϽЮϜмϣугϧϳЮϜ. 

ϭϚϝϧзЮϜ ï  аϝЗзЮϜ ϤϝуЫувϝзтϸ ϭлж сТ ХуЧϳϧЮϜ ϣϯуϧж ϥУЇЪйжϝЫвϗϠ дϒ ИмϽЇгЮϜ ϤϝЧУж сЮϝгϮϖ ϣϮϻгж (TOTEX)  ̯ϝуЫувϝзтϸ  Йв̪ϥЦнЮϜ ϼмϽв 

 ̯ывϝІ  рϹЧзЮϜ ХТϹϧЮϜ ЩЮϺ сТ ϝгϠ (cash flow)м ϣуЮϝϳЮϜ ϣгуЧЮϜ сТϝЊ .(NPV)   

ϸнуЧЮϜ ï  бЮтϩϳϡЮϜ еЫгϧ ϽтϹЧϦ ϣЦϸ ев ХЧϳϧЮϜ ев ϣуЯуПЇϧЮϜ СуЮϝЫϧЮϜ (OPEX)  ϤϝжϝуϠ ϸнϮм аϹК ϟϡЃϠ  ϣуЧуЧϲϣуЯуПЇϧЮϜ СуЮϝЫϧЯЮ  сТ ϣЮмϸ

 ϢϹϳϧгЮϜ ϣуϠϽЛЮϜ ϤϜϼϝвшϜ ϣЮмϸ ϽгК дϒ пЮϖ ЩЮϺ ЙϮϽтм .ϢϹϳϧгЮϜ ϣуϠϽЛЮϜ ϤϜϼϝвшϜ å)50 ) ϬϺнгзЮϜ Ϣϝуϲ Ϣϼмϸ ев ЭЦϒ (ϝвϝК60  .(ϝвϝК̪̯ϝЏтϒ 

 ̳А ̵нϬϺнгзЮϜ ϼ сЫувϝзтϹЮϜ Ю ϣуЯЫЮϜ ϣУЯЫϧЮϜ ϽтϹЧϧЮ ХуЧϳϧЮϜ ев ϜϹтϿв ϟЯГϧт Ϝϻкм .ϢϹϳϧгЮϜ ϣуϠϽЛЮϜ ϤϜϼϝвшϜ сТ ϣузЫЃЮϜ сжϝϡгЯϓϧЯЮϹЪ  ϭлж ϢϼϹЦ ев

ϤϝуЫувϝзтϸ пЯК аϝЗзЮϜ ϣϮϻгж  СуЮϝЫϧЮϜ ϣуЯЫЮϜ/м оϽ϶цϜ ЙтϼϝЇгЮϜ ИϜнжц  .оϽ϶ϒ ϣуТϜϽПϮ ХАϝзв сТ мϒϱЋзт ϝϠ ϬϺнгзЮϜ ϣϠϝϯϧЂϜ ев ХЧϳϧЮ

 дϝгЏЮ аϹϷϧЃгЮϜ сЎϝтϽЮϜ аϝЗзЮϜ ЭтϹЛϦ / ϽууПϦ ϹЎпЯКϒ  ϭлзЮ ϣЦϸϤϝуЫувϝзтϸ  .ϣУЯЫϧЮϜ ϣϮϻгзЮ аϝЗзЮϜт ̪̯ϜϽу϶ϒ ϣϠϝϯϧЂϜ сТ ХуЧϳϧЮϜ аϿЯ м

 ϭлж СуЫϦϤϝуЫувϝзтϸ ЫϧЮϜ ϣϮϻгзЮ аϝЗзЮϜСуЮϝ ϣуЯЫЮϜ  ̯ывϝІгЮϜ аϹлЮϜ ϤϝкнтϼϝзуЂУЯϧϷϣ. 

ϣтϽЗзЮϜ ϼϝϪфϜ ï сϚϝлзЮϜ аϝЗзЮϜ ϤϝуЫувϝзтϸ ϬϺнгж егЏϧт ϽтϹЧϦ пЯК ИмϽЇгЮϜ ϤϝЧУж сЮϝгϮϖ (TOTEX)  ϽтϹЧϦмϣуЮϝϳЮϜ ϣгуЧЮϜ сТϝЊ 

(NPV) Ю ИмϽЇгЮϜ Ϣϝуϲ ϢϼмϹХуϡГϦ Ьы϶ ев ЩЮϺ ХЧϳϧтм .̭ϝзϡЮϜ ЭϡЦ ϝв ϣЯϲϽв сТ ϝлЯгЪϓϠ ϣгуЦ  ИмϽЇгЯЮ ϣуЮмцϜ ϣУЯЫϧЮϜ пЯК ϽАϝϷгЮϜ ЭтϹЛϦ

 ̭ϝзϡЮϜ ЭϡЦ ϝв ϣЯϲϽв сТ ̯ϝЛϡϧвϤϝуЪнЯЂ  ̯ϝЪнЯЂ ϣУЯЫϧЮϜ ϽуϪϓϦ Йϡϧт .ϣузвϾ ϢнГ϶ ЭЪ сТ ϽАϝϷгЮϜ м ϣУЯЫϧЮϜ  ̯ϜϹтϜϿϧв пзϳзгЯЮ S  ϤϝЧУзЮϜ ϢϽϧТ Ьы϶

ϣуЮϝгЂϒϽЮϜ ̪ϧтмв ϝЪнЯЂ ϽАϝϷгЮϜ ϽуϪϓϦ ЙϡЋЦϝзϧ ̯ϝ пзϳзгЯЮ S  .ϣуЮϝгЂϒϽЮϜ ϤϝЧУзЮϜ ϢϽϧТ Ьы϶̪ЩЮϺ пЮϖ ϣТϝЎшϝϠ  Йϡϧт ев ЭЪϽуϪϓϦ  ϣУЯЫϧЮϜ

 ϽАϝϷгЮϜм ̯ϜϹтϜϿϧв ̯ϝЪнЯЂ  Ьы϶ ϝуГ϶ЮϜ ϢϽϧТ ϣуЯуПЇϧЮϜ ϤϝЧУзмт Йϡϧ ϣуЮϝϳЮϜ ϣгуЧЮϜ сТϝЊ пзϳзв(NPV) ϽгК оϹв пЯК сϡЯЃЮϜ ЀцϜ ШнЯЂ 

сϚϝлзЮϜ ϬϺнгзЮϜ ϽТм ̪̯ϝЏтϒ .ИмϽЇгЮϜ ϣгуЧЮ ϤϝтнϧЃв ϣϪыϪ ϢϼϹЧгЮϜ ϣУЯЫϧЮϜ ̪ пжϸцϜ ϹϳЮϜ . ϣгуЧЮϜпЋЦцϜ ϹϳЮϜм ̪ БЂнϧв ЭтϹЛϧЮ  ϽАϝϷгЮ

 СуЮϝЫϧЮϜ ЌϽК еЫгт .ϣУЯЫϧЮϜϢϼϹЧгЮϜ  ϥϳϦ ϽуϪϓϦ ϽАϝϷгЮϜ БϡЎ ϤϝтнϧЃв ϣУЯϧϷгЮϜ ̵ϹЋгЮϜ ϤϝжϝуϡЮϜ ϣЦϼм ЁУж сТ .Ϣϼ м еЫгтЌϽК  ЙугϮ

ϼϝзуЂ ̪рϹЧзЮϜ ХТϹϧЮϜ Ϥϝкнт ̯ывϝІ ЮϜ сжϝуϡЮϜ бЂϽЮϜ ЁУж сТ ̪ϤϝтнϧЃв ϨыϫϣузвϿЮϜ ϤϜнГϷЮϜ ЁУзЮ м .ИмϽЇгЮϜ Ϣϝуϲ сТ 

ϣуЯгЛЮϜ ϼϝϪфϜ ï ϽтϹЧϦ ИмϽЇгЮϜ ϤϝЧУж сЮϝгϮϖ (TOTEX) мϣуЮϝϳЮϜ ϣгуЧЮϜ сТϝЊ (NPV)  .ϣуЯϡЧϧЃгЮϜ ϤϜϼϝгϫϧЂъϜ ϤϜϼϜϽЧЮ ϽутϝЛгЮϜ бкϒ ϝгк

 ̪ ЩЮϺ пЮϖ ϣТϝЎшϝϠдϗТ  ϣϮϻгжЮ рϹЧзЮϜ ХТϹϧЮϜЯ ϢϹϚϝТ ϽϫЪцϜ ϭлзЮϜ нк ИмϽЇг ХуϡГϧЮ ЭуЯϳϦϠ ϤϝЧУзЮϜ ХТϹϦϣЧтϽГ ϹтϹϳϦ ϣЧГзв  ϽуПϦ ̭ϜнϧϲϜ

цϜ нк м ̪̯ϝуϚϜнЇК ХТϹϧЮϜ ЭлЂЮ .ХуϡГϧЯ ϣϮϻгзЮϜ ϽТнϦ м ϢϸϹЛϧв ϤϝкнтϼϝзуЂЮ ϨϜϹϲчЮ ЭЏТϒ блУ СуЮϝЫϧЮϜϣуЯϡЧϧЃгЮϜ. 

ϣгуЧЮϜ / ϣЮϝЊцϜ ï ХЧϲ  сТ ϢϽуϡЪ ϣгкϝЃв ϩϳϡЮϜ ϜϻкЬϝϯв  бЯКЇгЮϜ ϢϼϜϸϖтϼϝϽуТнϦ Ьы϶ ев ЙЬмϒ  ϬϺнгжЮϜ ϽтϹЧϧЮϣУЯЫϧ  ϣуЯЫЮϜ Ϣϝуϲ ϢϼмϹЮ

ЮϜϝлЯгЪϓϠ ϣузЫЃЮϜ ЙтϼϝЇг  ϭлж аϜϹϷϧЂϝϠϤϝуЫувϝзтϸ .аϝЗзЮϜ 
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MAPE: Mean Absolute Percentage Error. 
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  = nonzero eigenvalues 

 ́     = Durbin -Watson statistic hypothesis 

et    = the residual error 

et-1  = the previous residual error 

d  = Durbin -Watson statistic 

t   = Time 

T  = total number of observations  

R2 = ariance proportion in dependent variables explained by independent variables 

yi = actual Observation 

Ȓi = predicted Observation 

ὂ = mean of Actual value 

 

YR = the Risk dependent Variable of each factor. 

Xprob and X imp = the probability and impact independent Variable of each factor. 

ɓprob and ɓimp, = the Linear Regression Coefficients for Xprob and Ximp, respectively of each factor. 

ɝ, = the Error (Considered Zero because this regression is not time-based). 

n0 = Sample Size 

Z=  Standard score 

p = the (estimated) proportion of the population (variability) 

q = 1 ï p 

e = Desired level of precision (i.e., 0.05 for 95% confidence level) 

https://en.wikipedia.org/wiki/Errors_and_residuals_in_statistics
https://en.wikipedia.org/wiki/Errors_and_residuals_in_statistics
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Min  = the Minimum Survey Risk Value  

Max = the Maximum Survey Risk Value 

MC  = Monte Carlo average of 10,000 random values (between 0 to 1). 

Ɑ ÉÓ ÔÈÅ ÒÉÓË ÓÔÁÎÄÁÒÄ ÄÅÖÉÁÔÉÏÎ 

Øȇ ÉÓ ÔÈÅ ÓÕÒÖÅÙ ÓÁÍÐÌÅ ÍÅÁÎ ÒÉÓË 

Max Risk is the Normal Distribution Upper Limit 

Min Risk  is the Normal Distribution Lower Limit 

 

X = the time point on S-Curve chart 

e = exponential constant 

T0  = the maximum slop adjusting parameter. The maximum slop increases as it increase. 

 t   = the time step of f(x) cash flow point. 

 

╟╣ = the probability of time danger 

TE = the total execution time 

TS = the risk time step value 

CS = the cost S curve value at each time step (from 0 to 1).  

 t   = the time step of f(x) cash flow point. 

╟╒ = the probability of cost danger 

CRGmean = the mean cost risks of each CAPEX risk group. 

CRGmin   = the minimum cost risks of each CAPEX risk group.  

CRGmax    = the maximum cost risks of each CAPEX risk group.  

   t          = system dynamics time steps (t = 0, 0.125, 0.25, 0.375, 0.5, é, 3). 

   i          = the risk number in each group (i = 1, 2, 3, é, etc.). 

 #      = initial construction contract cost at each time steps (t = 0, 0.125, 0.25, é, 3). 

 $      = the initial construction contract cost at pre-construction design stage 

CRCmean = CAPEX Risks Cost (mean risk). 

CRCmin = CAPEX Risks Cost (min risk). 

t (equipment) = system dynamics time of pulse impact (t = 28, 53). Every 25 years after CAPEX. 

$   = the initial construction contract cost at pre-construction design stage 

%  = equipment replacement cost as a ratio of total building cost (% πȢρυ 

ORGmean = the mean cost risks of OPEX risk group.  

   i          = the risk number in OPEX group (i = 1, 2, 3, é, etc.). 

ORGmin   = the minimum cost risks of OPEX risk group.  

CRGmax    = the maximum cost risks of OPEX risk group.  
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YTS   = the number of time steps per year (YTS = 8). 

 t       = system dynamics time steps (t = 3, 3.125, 3.25, 3.375, 3.5, é, 60). 

╞╜    = the ratio of operation and maintenance to initial capital investment (╞╜ = 0.09/25). 

╔╒     = the equipment to initial capital investment ratio (╔╒ = 0.15). 

ORCmean   = OPEX risks cost (mean risk). 

ORCmin    = OPEX risks cost (min risk). 

ORCmax   = OPEX risks cost (max risk). 

TOTEXmean   = Total expenditure under mean risk impact. 

TOTEXmin   = Total expenditure under minimum risk impact. 

TOTEXmax   = Total expenditure under maximum risk impact. 
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Chapter 1 

INTRODUCTION 

 

 

 

ñThe introduction to the research is an essay 

that introduces readers to both the topic and 

the purpose of the research while providing 

an overview of the relevant literature.ò 

(Galvan 2002, p. 14) 
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1.0 Inception  

 

In this chapter, a brief introduction will be provided about cost modelling and estimating 

residential project's whole lifecycle industry, the United Arab Emirates needs and demands for 

the development of cost models in residential projects, including construction and operational 

industries, the status and overview of projects construction and operational economy, 

investments economy, and the planned economy of future developments in the United Arab 

Emirates. Then, the research questions, aims, objectives, and significance will be stated and 

identified clearly. After that, the research paper structure shall be introduced to summarise the 

thesis chapters and outcomes. Finally, the conclusion will be sum up the research introduction 

to introduce the following chapters starting with the literature review.  

 

1.1 Cost Modelling and Estimating in Residential Project's Whole Lifecycle Industry  

 

In business investments fields, it is essential to target having and making the maximum 

profit of invested money while overcoming all challenges and obstacles which might face the 

processes and operations of making and generating profits (Abdul-Rahman et al. 2013). 

However, this is due to knowing that the construction industry cost overrun became the most 

significant problem globally and due to the sustainability of investments, which had to be 

implemented in all kind of businesses, especially in an uncertain market after the economic 

crises in 2008 (Wu, Olson & Birge 2011; Abdul-Rahman et al. 2013).  However, most 

developments in the developed and developing countries are focusing on the construction 

industry to provide the appropriate infrastructure and liveable cities; also, residential projects 

including, construction and operation, contribute to providing the required and necessary 

facilities and living requirements of sustainable waive of life for humanity (Forza 2002; 
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Nguyen, Ogunlana & Lan 2004; Cicmil et al. 2006; Winter et al. 2006; Leiringer 2006; 

Pantouvakis & Vandoros 2006; Santos & Ferreira 2011; Shi 2011; Memon & Abdul-Rahman 

2014; Wang et al. 2016). Thus, that can be the reason why it is essential to have large, complex, 

expensive, and significant built environment projects developments such as housing projects 

(Price 2003; Oliver, Serovich & Mason 2005; Kazaz, Birgonul & Ulubeyli 2005; Yuan et al. 

2011;  Jin et al. 2012; Kuricheva & Popov 2016; Lindemann & Jahnke 2017; Cai et al. 2016; 

Canesi & Marella 2017; Abdul-Rahman et al. 2013; Koo, Hong & Hyun 2011; San & Heng 

2011; Wu, Olson & Birge 2011; Sayed & Sawant 2015; Wibowo 2015; Fogsgaard et al. 2016; 

Yusof et al. 2016; Banihashemi et al. 2017). However, cost became the most critical issue due 

to the increase of demanding more quality of larger and more complex projects, like housing, 

in a shorter period (Wang & Mei 1998; Lewis 1998; Park et al. 2012; Horta et al. 2012; Sharma, 

Najafi & Qasim 2013; Shehu et al. 2014; Smith 2014; Hoffman et al. 2017). Thus, the 

modelling approaches of the future estimated costs of projects became essential for reaching 

business targets and achieve investments' purposes from all stakeholders' perspectives (Tang, 

Aoieong & Ahmed 2004; Kim, An & Kang 2004; Kim et al. 2004; Fleming & Bowden 2009; 

Mawdesley & Al-Jibouri 2009; Lehtonen & Kiiras 2010; Zhiliang, Zhenhua & Zhe 2011; Kim 

et al. 2012; Kim, Seo  & Hyun 2012; Ma, Wei & Zhang 2013; Wang, Xia & Zhang 2014; 

Jafarzadeh et al. 2015; Ozcan-Deniz & Zhu 2016; Alshamrani 2016; Seo & Park 2017; 

Ballarini et al. 2017; Islam et al. 2015; Tam et al. 2017; Abanda, Kamsu-Foguem & Tah 2017; 

Zhao, Chen & Thomson 2017; Lee et al. 2013). Also, due to the long-time consumed in 

executing and operating projects (i.e., years), and because of the large number of changing 

project parameters while values of those variables can change several times during the 

execution and/or operation processes of one project, the estimating cost modelling methods 

and approaches became researchers' concern to add more value and improve the industry 
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outcomes throughout researching for more accurate and better cost estimation modelling in 

residential projects (Yu & Lo 2005; Agyapong-Kodua & Weston 2011; Torriti 2012; Hafez, 

Aziz & Eldars  2015; Doan & Chinda 2016; Enezy et al. 2017; Hasançebi 2017).  

Cost modelling research investigated knowledge and information impacts and effects 

on the quality of residential projects estimated to cost at the pre-construction stage by analysing 

each criterion as per its significance (Hardcastle 1992). Furthermore, it is evaluated 

mathematically to design and build the knowledge and information model concerning its cost 

on projects (Hardcastle 1992). The research also covered project profitability studies based on 

modelling costs and their changing variables, affecting the actual final cost and deviating it 

from the estimated values (Cui 2005). However, economic inflation and tax are considered the 

most significant and vital factors that affect the investments' profitability, which must be 

considered in construction businesses (NikoliC 2003). Besides, estimating and studying risks 

impacting cost estimation values of residential projects was carried out in the early 2000s using 

a systematically related mathematical model (Isaksson 2002). Later, the risk analysis and its 

impact on cost prediction started to gain more advanced analysis techniques, and mechanisms 

in 2014 throughout the construction stage, including mathematical equations implementation 

such as system dynamics, analytical network process, and Monte Carlo approaches (Boateng 

2014). The construction cost studies also investigated risk allocation identification and control 

using system dynamics and Monte Carlo modelling throughout the project's whole life cycle. 

These studies were carried out to have an appropriate and accurate cost estimation and 

prediction at the pre-construction stage compared with the actual cost at the end of projects. 

These studies were based on the relationships between projects' life cycle and risk events' 

impact on costs (Alzahrani 2015). This articulated that the risk impact on estimating the 

construction costs was a concern in most of the conducted studies during the last three decades. 
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Thus, regarding the cost modelling to estimate the projects' cost value at the pre-construction 

stage, artificial intelligence was used as a modelling tool. It claimed that accuracy was above 

90%. These studies were based on building prediction value using the historical data of more 

than 1600 projects. However, it showed a weakness in estimating the cost of different 

construction projects type other than historical data (Ahiaga-Dagbui 2014). The researchers 

also investigated the whole cost life cycle's net present value to evaluate the project's actual 

value based on time, operation, and execution costs. Thus, NPV calculation results provide a 

better selection of contractors at the pre-construction stage (Jang 2011). However, the recent 

work on cost modelling estimated construction projects' duration based on 74 office and 113 

residential buildings in the USA (Jarkas 2016). This study used Bromilow's time cost 

multifactor model to accurately determine the forecast results (Jarkas 2016). Thus, in UAE, no 

previous study included the required variables for this research, and it is mandatory to collect 

all common verified variables related to cost modelling and estimation from previous empirical 

studies and published literature. Then, verify its applicability on UAE projects. Integrating a 

new cost estimation model through this research for residential projects to include its 

construction and operations aims to create a simpler and more accurate model than all previous 

models. 

 

1.2 The Status of Buildings Projects and Investments Economy 

 

In this part, an overview of why more accurate cost models are required will be 

summarised. These models are now necessary to study the sensitivity of construction costs after 

the economic crisis. Therefore, projects cost modelling and analysis can analyse the significant 

impact of the economy and determine the most accurate decision concerning costs. Therefore, 

understanding the impact of a project's cost economy is essential to decide and find more 
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accurate financing methods (Betlejewska & Potkány 2015). Projects investments are based on 

the economics' status throughout the project's whole life cycle, starting from its execution and 

ending with the last operational processes. This is necessary to achieve sustainable 

development, which is the primary concern globally for years (Betlejewska & Potkány 2015). 

This threat to the economy is analysed financially, including inflation, uncertainty, and market 

investment competition to find out and predict project failure. Hence, it is mandatory to set an 

appropriate strategic management map of the economy during sustainable development in GCC 

countries (Ibn-Homaid & Tijani 2015). However, the studies showed that the whole life cycle 

of projects is affecting economy from the initiation of projects until its demolition (Kaiser & 

Snyder 2012; Han, Srebric & Enache-Pommer 2014; Smith 2014; Delmastro, Mutani & 

Corgnati 2016; Kirkwood, Shehab & Baguley 2016; Rodrigues & Freire, 2017; Mostavi, Asadi 

& Boussaa 2017). Thus, project performance sustainability is assessed financially from the 

design stage, via execution and operation stage, until reaching the demolishing stage (Shen et 

al. 2007). First, cost control is considered effective at the projects' design stage because 

variables and expected causes that impact costs are not yet executed and can be changed during 

design stages or excluded to eliminate a significant negative impact (Friedler & Pisanty 2006). 

Therefore, this research study shall include design costs based on UAE actual residential 

projects' design engineering fees contractual percentage and verify it with published residential 

buildings design fees percentages (Eckman, Cavaluzzi & Rabasca 2014; Hyari, Al-Daraiseh & 

El-Mashaleh 2016; Thompson 2020). Then, projects at the deconstruction stage have a salvage 

value coming from wastes materials recycling and reuse at the demolition stage, which should 

be considered in project whole life cycle cost estimation modelling (i.e., deconstruction: is 

representing demolition cost after considering the salvage value of wastes) (Marzouk & Azab 

2014; Zahir 2015). Therefore, this study shall include the deconstruction stage in the 
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established cost model based on the literature of demolishing construction percentages and 

residential buildings depreciation percentage in the UAE (MICHIGAN RESIDENTIAL 

ASSESSOR'S MANUAL 2003; Zahir 2015; Bham 2016). Building depreciation percentage in 

UAE will cover costs such as waste quantities, disposal type, and recycling type (Zahir 2015; 

Bham 2016). However, those costs risks will require experiencing housing demolitions in the 

UAE through time and under deferent regulations and technologies that did not happen in any 

UAE housing projects. This study led this research to consider deconstruction percentage only.  

The final estimation model will include the costs of environmental impact, energy 

consumption, quality of the end product, and the economic performance during the execution 

stage and the operation stage (Friedler & Pisanty 2006). Then, after interviewing 50 experts by 

researchers for extracting information related to construction funding, the main challenges 

regarding design, build and operate projects are the conflict of interest, financing entities, and 

alignment of interests, which are based on cost estimation value compared with actual cost 

(Levitt & Eriksson 2016). Furthermore, after modelling construction projects' investments in 

the United Kingdom, the ratio of benefit to cost decreased when the construction cost rose and 

cause many uncertainties at the economic decision-making stage (Thijssen 2015). Besides, 

research proved that the appropriate estimation of the construction cost is a significant factor 

of investment success; this is because of setting the project's budget based on predicted cost 

value, which is usually at the pre-construction stage (i.e., design stage) (Hong, Hyun & Moon 

2011). The authors developed an algorithmic model for cost estimation showing errors and 

accuracy deviation between -4.25 % and 5.25% after using it on 4-four different projects 

(Hong, Hyun & Moon 2011). The model limitation is that it cannot be generalised because four 

projects are not good enough to capture challenges affected and affecting factors of projects 

cost estimation models (Hong, Hyun & Moon 2011). Moreover, the impact of construction on 
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the environment and its economic profit is considered the most crucial factor in construction 

cost modelling (Zhang & Chen 2016). This is due to the uncertainties of environmental needs, 

requirements, regulations, and legislation changing with time during the executing phase 

(Zhang & Chen 2016). On the other hand, the project cost analysis is essential for studying 

socio-economics factors and predict their impact on projects net present value (Florio, Forte & 

Sirtori 2016). This will help develop and model strategic management for the entire life cycle 

of sustainable economic development projects through a proper investment feasibility analysis 

and decision-making (Diskiene, Galiniene & Marļinskas 2008; Molinos-Senante, Hernández-

Sancho & Sala-Garrido 2010). Thus, this research will solve these issues by developing 

integrated projects' whole life cycle cost estimation model to support residential buildings' 

decision-making processes in the United Arab Emirates.     

 

1.3 Future Economic Developments in the United Arab Emirates 

  

UAE's direction is to increase the accuracy of estimated cost values to improve 

investments and economic strength while successfully achieving future plans such as the Abu 

Dhabi 2030 vision plan. This is from the country's new directions concerning its five and ten-

year plans, which started in 2015 for EXPO 2020 and Dubai Vision 2021. Nevertheless, 

achieving large size developments within the required timeframe, quality, and optimum cost 

will help in keeping up with the UAE government directions and strategies to "dazzle the world 

with our culture and our excellence, to be the first of its kind in the history of Expos in terms 

of the preparation, organisation, management and hospitality and respect for its guests" said by 

His Highness Sheikh Mohammed bin Rashid Al Maktoum, the United Arab Emirates Vice 

President,  Prime Minister and Ruler of Dubai (Emirates 24|7 2016). "The UAE serves as a role 

model for coexistence among different cultures that are represented by the millions who live 
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in the UAE," said His Highness Sheikh Mohammed bin Zayed Al Nahyan, Crown Prince of 

Abu Dhabi and Deputy Supreme Commander of the UAE Armed Forces (Ministry of Culture 

and Youth 2017). 

So, countries in the Middle East region started building and constructing sustainable 

developments.  Furthermore, as a leading country in the region, UAE prepared for unique 

developments to dazzle the world, especially after EXPO 2020 in Dubai and established Abu 

Dhabi and Al Ain 2030 vision. Moreover, targeted developments started to demand more 

complicated and luxury projects with optimum cost (Assad et al. 2007; Dubai-Government 

2016; KSA-Government 2016; Abu Dhabi-Government, 2016a, 2016b, 2016c, 2016d, 2016e, 

2016f). Finally, it is published by UAE Fujairah local government that they need to increase 

residential projects besides expanding healthcare facilities and other projects due to the 

growing emirate's population according to their plan of 2040 (Fujairah Government 2018). 

Hence, this research's outcomes are expected to serve UAE building projects and developments 

for a long time, which will add value to existing cost modelling literature.    

 

1.4 The Need for Cost Models Development in the UAE Projects industry  

 

A country like the United Arab Emirates has been established since the seventies (i.e., 

2nd December 1971) and experienced challenges through years up to date related to cash flow. 

For example, infrastructure had to be built and developed continuously besides buildings and 

structural developments that experienced significant enhancements and improvements 

countrywide. Nevertheless, nowadays, the country changed its visions and planned to provide 

a sustainable country by having sustainable developments forming sustainable cities; these 

changes happened due to the collapse of oil price and the demand of having a top developed 
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country in the world while covering oil price collapse to minimise and eliminate its negative 

impacts by national income diversification.  

Due to GCC countries' economic growth besides the modernisation demand and 

burgeoning population, the building sector's sustainability increasing needs gained more 

experience and growth (Asif 2016). Thus, since GCC countries are taking a very high position 

globally and the United Arab Emirate reached to be from the top countries in construction 

industries, it is significantly essential to realise the demand of the new developments which are 

changing continually in order to keep up with new innovations and future plans (Asif 2016). 

The United Arab Emirates and the Kingdom of Saudi Arabia have taken around 80% of 

construction market investments in GCC countries (Asif 2016). This made the factors of policy 

and legislation roles regarding construction businesses increase and become more critical for 

achieving sustainable developments required for implementing future plans of the emirates 

(Asif 2016). Thus, cost modelling is essential because of the demanded expensive technologies 

and designs of modern buildings pushing development sustainability to reach higher than the 

existing minimum requirements (Radhi 2010). Also, studies that are including residential 

buildings showed that it is important to reduce construction and operations costs; however, the 

Urban Planning Council (i.e., UPC) in Abu Dhabi requires less impact on the environment 

during operational construction stages residential buildings (Radhi 2010). These requirements 

increased cost significantly while budgets are not increased at the same pace due to the 

economic issues (Radhi 2010). The new façade (i.e., external building cladding) design and 

execution in the United Arab Emirates had a big jump toward sustainability achievement by 

reducing the consumption of energy at operational stages; nevertheless, this is increasing costs 

because it demands more experts in the design stage, more resources/technologies in the 
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execution stage, and more demand for manufacturing suppliers of expensive special materials 

(Radhi, Sharples & Fikiry 2013).  

Then, UAE has adopted the building information modelling (BIM) of construction in 

Dubai Municipality to reduce conflicts between stakeholders, reduce conflicts of coordinating 

between parties and activities, and increase the accuracy of cost estimating and modelling 

(Mehran 2016). Therefore, the 3D modelling approach helps set an appropriate plan and 

schedule while allocating appropriate resources at the pre-construction stage (Mehran 2016). 

This is the future direction in the construction industry's academic and professional fields, 

proving how cost modelling improvement demands in the United Arab Emirates are significant 

(Mehran 2016). Thus, it is important to follow up with countries' governance policies for 

complex construction projects, including risk emergent resulting from conflicts, extreme 

adjustments/ modification, and renegotiations (Naderpajouh & Hastak 2014).  

In the United Arab Emirates, the construction industry started to be the main business 

as a series of activities that generate money. However, the price of residential units reached 

over 2200 AED/SQF in 2008, and it dropped down to below 1000 AED/SQF in 2012 due to 

the recession, which resulted from the economic crises (Asteco Property Management 2015). 

Nevertheless, it was expected to have prices increasing again, but it reached by the end of 2016 

to about 1300 AED/SQF, which is approximately 60% of 2008 residential buildings prices 

(Deloitte 2018). On the other hand, inflation affects everything related to construction 

execution materials costs (Frimpong, Oluwoye & Crawford 2003). This made the contingency 

margin and weightage of having construction costs underestimating very high in a way that 

might break down and fail organisations and projects. However, due to reducing bidding prices 

to get the project at the tender stage, the most critical decisions and changes in the construction 

industry and investments are based on businesses' capital and costs (i.e., projects) (Donovan & 
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Corbishley 2016). Also, after the drop in the oil price and the new directions of shifting the 

country's income from being based on oil to be based on several investments like healthcare, 

education, transportation, tourism, and construction; on the other hand, United Arab Emirate 

GDP growth experienced a drop of 14.9% from 2014 to 2015 (Annual Economic Report 2016). 

As a result, this research significance comes from the need for residential project cost 

optimisation.  

Finally, the cost of quality (i.e., cost of rectifying and reworking) in Dubai has reached 

1.3% of total civil works in construction projects, while the failure cost has reached 0.7 % of 

the total project cost (Abdelsalam & Gad 2008). This is demanding cost estimates to predict an 

accurate value based on the project's complexity and size; however, cost estimation includes 

expected processes of reworks and quality costs in the construction industry (Abdelsalam & 

Gad 2008). In this industry, it is impossible to prevent defects and reworking comments at a 

certain execution stage. Nevertheless, including these considerations in cost modelling will 

significantly enhance cost estimates' accuracy to assign an appropriate budget for the project 

(Abdelsalam & Gad 2008). To sum up, this research will add value in understanding residential 

building development costs by using system dynamics, which considers risk and economic 

parameters. 

 

1.5 Research Problem Statement  

  
This research cost model will investigate the ability to utilise a system dynamics 

approach to develop a whole life cycle of the residential project cost estimation at the pre-

construction stage. It is also investigating how mathematically cost risk change impacts the 

final cost estimation accuracy in the United Arab Emirates. Finally, the research investigates 
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how the delivered model can adjust cost change dynamically to generate sensitive analysis 

scenarios for decision-makers. 

  

1.6 The Research Aim, Objective, and Questions   

 

This research study aims to provide more accurate projects' whole life cycle cost 

estimation model. This model will support the decision-making process of residential buildings 

in the United Arab Emirates. This model is developed from the client and developer point of 

view at projects' pre- construction stage to support sustainable developments in the United Arab 

Emirates. 

This study aims to approach system dynamics to model the project whole life cycle 

costs dynamically over time. This purpose is accomplished by satisfying 6 sub objectives. 

These sub objectives are used to ensure that all research questions have been answered 

successfully to meet the research aim and main objective. First, it is required to develop the 

model to identify all impacting risks. Second, it is required to simulate cash flow behaviour 

over time. The third and fourth sub objectives, respectively, are providing numerical values 

and graphical presentation for model's outputs over time. The fifth and sixth sub objectives are 

providing the net present value and the final cost value. The model is implemented through 

system dynamics VENSIM software, which can be flexible to adjust any possible necessary 

changes. Following research questions are set as guidance to satisfy this aim as explained in 

figure 1-1: 

1- What are the risks' values of the UAE residential project's whole life cycle cost estimation? 

2- How to model mathematically and graphically map all identified and verified risks? 

3- How to approach modelling cost estimation dynamics through time, including cash flow, 

for UAE residential building projects' whole life cycle? 
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1.7 The Research Significance 

 

The research significance of this study is to contribute to achieving United Arab 

Emirates vision, plans, and pace regarding the targeted new sustainable developments for a 

better future (Cassell & Symon 2004; Schieg 2010; Turskis, 2008; Johnsen, Howard & 

Miemczyk 2009; Nasirzadeh, Khanzadi & Rezaie 2014; Lovering, Nordhaus & Yip 2016; Asif 

2016; Akter, Mahmud & Oo 2017; Liu & Lin 2017). This is by developing a new cost 

estimation model using system dynamics for residential projects' whole life cycle while 

utili sing probability and quantitative mathematical approaches to enhance model accuracy. 

This model will  introduce the results of investigating system dynamics in utilising 

mathematical equations, Monte-Carlo simulation, risk, and historical data in estimating project 

Research Aim  
Develop a Cost Model 

Figure 1-1: Research Aim, Objective, and Questions. The aim is to develop a cost model. The objective is to 

achieve a dynamical cost model. The sub objectives are to ensure that answered research questions will satisfy 

this research aim and objective. 
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costs at the pre-construction stage. Therefore, clients will have the following advantages at the 

pre-construction stage if they choose to use this research system dynamics cost estimation 

model: 

1- Full cash flow estimation from start to end of residential project's WLC in UAE. 

2- Present three curves of residential project's WLC costs cash flow at any selected time 

step. 

3- Compare three curves of the adjusted project's WLC contract value cash flows, 

including minimum risks, mean risks, and maximum risks, in the same model 

simulation simultaneously. 

4- Adapt the change of risks whenever required to simulate cash flows after any 

adjustment using the same model. 

5- Present the net present value of residential project's whole lifecycle cash flows from 

start to end, including each time step value in each simulation. 

6- Provide separate curves of CAPEX cash flows individually, including its risk 

implementation curves and its net present value (NPV).  

7- Provide separate curves of OPEX cash flows individually, including its risk 

implementation curves and net present value (NPV).  

8- Provide estimation curves of TOTEX (i.e., CAPEX, OPEX, and Equipment 

Replacement), including its risk implementation curves and net present value (NPV). 

9- Compare CAPEX and OPEX actual against estimated cash flow curves. 

10- Provide modelling and simulating outputs with an accuracy of 96.728%. 
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1.8 Research Methodology 

 

The approach of this research methodology is going to be a quantitative approach to 

enhance the results of the mathematical research model and outputs through System dynamics 

VENSIM, SPSS, and Monte-Carlo Analysis based on the following steps: 

1- First, conduct a detailed literature review and validate the topic, 

2- Identify and verify the model's variables and map them in classification groups. 

3- Define the required data for satisfying the research goals and objectives. 

4- Design data collection technique and mechanism (i.e., 55 completed face to face 

quantitative structured experts' surveys for each variable). 

5- Design the questioner and make a pilot sample to optimise it. 

6- Invite experts for interviews and await their response to conduct the interview. 

7- Collect the data and validate it using SPSS (i.e., find out the relationship, outliers, and 

descriptive statistics). 

8- Conduct a regression analysis to find out the limits, minimum, and maximum values of 

influencing strengths. 

9- Conduct a Monte-Carlo Simulation for each variable to increase the accuracy of random 

points picked up between the defined minimum and maximum points and determine the 

final influence coefficient of each variable. 

10- Find out the time relationship between variables related to CAPEX and OPEX of the 

project whole life cycle. 

11- Build the final system dynamics model and validate it. 

12- Discuss the results and draw a conclusion clarifying the limitations and challenges of this 

research besides further research.   
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1.9 Research Structure 

 

In this part, a summary of the research thesis will be provided for each chapter, 

including its aim, content, and outputs; however, this is to facilitate readers and researchers to 

understand this empirical study and its contribution to the project management body of 

knowledge. Therefore, the following summary of each chapter included in this research thesis 

will  make it easier and simpler to navigate through this research from its start to end. 

 

1.9.1 Chapter 1 

 

Chapter 1 introduces this empirical research study to familiarise the reader with the 

conducted research, including its aims, objectives, significance, and contribution to the body 

of project management knowledge. However, it also includes the thesis structure and a 

summary of each of its 9 chapters.  

 

1.9.2 Chapter 2 

 

Chapter 2 is the literature review of this research, covering all conducted empirical and 

published research related to the chosen topic. However, in this study, the research area is 

including several fields' keywords such as cost estimation, modelling, construction, residential 

projects, United Arab Emirates projects, risks, and system dynamics. Therefore, each field key 

world includes a magnificent amount of existing research contributions over tens of years 

before this study take place in the body of knowledge. Each field key word also includes 

deferent areas such as cost estimation, including deferent areas like construction, information 

technology, deferent engineering disciplines, and even medical studies. In chapter 2, the 

researcher considers all contribution of areas related to the proposed studying topic when 
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literature review covers each keyword. For instance, cost estimation research started to take 

researchers' attention and concentration from the early 90s who covered the research done since 

the 70s onward. However, the cost estimation considered knowledge modelling, mathematical 

modelling, artificial intelligence, and many other approaches using system dynamics for cost 

estimation. The construction project management research included risk modelling, 

infrastructure net present value, infrastructure project whole lifecycle modelling, and historical 

data modelling of infrastructure modelling; however, they didn't complete residential project 

whole lifecycle stages cost modelling. Finally, system dynamics included modelling many 

systems like infrastructure PPP projects risks, technical lifetime expected due to roads usage, 

and infrastructure net present value modelling; however, no one up to date used system 

dynamics VENSIM modelling to estimate costs and provide predicted cash flows over time 

steps through the whole lifecycle. 

Finally, chapter 2, will end with what has been accomplished concerning this study 

research field; and what is missed and will be covered to form this research contributes to the 

project management body of knowledge. 

 

1.9.3 Chapter 3 

 

In chapter 3, the literature review journey is not finished yet. After identifying research 

gaps and justify the research topic, it is mandatory to dive in the published research and 

empirical studies to identify risks that impact cost modelling and/or estimation. However, it is 

important to group all identified risks and map their relationship connection before any further 

analysis.Nevertheless, the identified risk groups were 11 groups, impacting CAPEX cost 

estimation modelling and one group for OPEX cost estimation modelling. Therefore, each 

group's figure will be presented to show graphically how each risk is interacting with other 
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risks and with CAPEX / OPEX final outputs. Finally, the conceptual mapping model will show 

how all the 117 risks interact with each other from start to end of cost estimation time steps 

values. 

 

1.9.4 Chapter 4 

 

Chapter 4 presents the detailed research methodology from start to end, describing how 

this empirical study starts and systematically progresses to provide validly and verified outputs; 

however, this research's primary approach is modelling using system dynamics software. This 

modelling process requires pre-arrangements and research approaches such as collecting data 

from experts through a well-designed survey questioner. Then, validate the collected data 

statistically using SPSS software through correlation and regression modelling. Then, 

simulating the validated data resulting from SPSS for each risk factor in Monte-Carlo 

Simulations to adjust risk values. Use the resulted adjusting risks from Monte-Carlo modelling 

in a mathematical relationship system to prepare the inputs of the VENSIM system dynamics 

model. After that, simulate the completed built system dynamics model and validate its 

functionality. Finally, verify its accuracy using actual cost flow data from residential projects 

in the United Arab Emirates. However, the designed survey used in collecting the data from 

experts will be attached as Appendix A. 

 

1.9.5 Chapter 5 

 

Chapter 5 is the stage of analysing collected data from experts from 55 experts through 

face-to-face surveys to ensure that the interviewee understands the aim and required answer. 

However, this will optimise the accuracy of collected data and ensure that it is related to the 
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research objectives. Then, general information about experts such as how many years of 

experience they have, what sector they are working in currently (i.e., private or public), what 

position they are rolling at present, and the size of projects (i.e., cost), which they are handling 

at present during their job activities. The detailed correlation analysis will then take place for 

each risk factor and summarise the main outputs in a table to discuss its results and ensure that 

linear relationship exists between data sets (i.e., Risk vs Probability and Risk vs Impact) for 

each risk factor. However, after ensuring linear relationships between each risk data set, linear 

regression modelling will be conducted to create a linear equation for each risk using its 

probability and impact and their beta coefficients that show negative or positive relationships 

as applicable. Finally, the detailed SPSS outputs and charts/figures will be attached to this 

research thesis as Appendix B.  

 

1.9.6 Chapter 6 

 

In chapter 6, after validating the data collected from experts through utilising SPSS 

analysis and modelling, a Monte-Carlo model is created to conduct 10,000 random values 

between the minimum and maximum values of each risk. In other words, the Monte-Carlo 

simulation is made for each of the 117 risks to fill the random samples gap with 10,000 random 

values between the minimum and the maximum values. However, this is done by adding the 

average of 10,000 random values to the minimum value for each risk to get adjusted risk values. 

Thus, the error between mean risk values provided by experts and adjusted risk values is 

adjusting risks; nevertheless, these adjusting risks will be the inputs of the final system 

dynamics model. This is because experts already considered the risk cost in contracts value and 

have their management plan to minimise or avoid the risk while the actual risks can vary 

accordingly. Therefore, the unknown variation of risks will require adjustment in the clients 



 

Page 21 
 

cost prediction model. Finally, the calculated adjusting risks will be applied to the project's 

construction contract value through the mathematical relationship in VENSIM's system 

dynamics model as shown in chapter 7 to end up with estimated actual costs of the project's 

whole life cycle.  

 

1.9.7 Chapter 7 

 

In chapter 7, the system dynamics stock and flow model of each risk group is developed 

systematically; however, those groups will be connected to develop CAPEX and OPEX stock 

and flow system, dynamics models. Then, CAPEX and OPEX models are connected 

mathematically to provide the final project estimated cost for the whole life cycle from design 

to demolition. After that, the stock and flow of equipment change in the OPEX stage are built 

and connected to the final model. Finally, each OPEX and CAPEX's net present value is 

developed and connected to the model based on the estimated costs cash flow and considering 

each time step in the simulation.  

 

1.9.8 Chapter 8 

 

In chapter 8, model validation using assumed contract value (i.e., let it be 400,000,000 

AED) to check the final developed model's functionality for each element is completed. 

However, this process will ensure that the model provides appropriate and accurate cost 

estimation and cash flow predictions before applying real data verification in the system.  

Three completed CAPEX real project values are used to verify the final developed 

project's whole lifecycle cost estimation system dynamics model. The verified outputs will be 

including final estimated costs and predicted cash flows S-Curve during construction 

execution. Finally, OPEX is validated through assumed value, and it cannot be verified with 
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real data because the model is over 60 years while the United Arab Emirates is 49 years old as 

of 2020; therefore, the required OPEX verification data is absent at present. 

 

1.9.9 Chapter 9 

 

Chapter 9 is the conclusion of this research study. It is taking place to summarise what 

the latest related research has accomplished, the contribution of this research thesis to the 

project management body of knowledge, the approach to complete this research study, and its 

outputs. However, this study's limitations have been summarized, including the most critical 

limitations. Although the final model has been validated, opportunities for conducting further 

researches start from these research outcomes. 

 

1.10 Summary 

 

From chapter 1, this research study has been introduced for further investigation into 

cost estimation modelling at the preconstruction stage. The inception has briefed this chapter 

components. Then, a comprehensible critique from subject's relevant literatures (i.e., cost 

estimation and modelling) is developed to explain the need for additional research works under 

the chosen topic. This included a review for the residential project's cost modelling and 

estimation literature, the status of investments economy and buildings projects, the future 

economics of the United Arab Emirates, and the need for cost estimation models in the United 

Arab Emirates. Thus, the identified research problem has been clearly stated. And the research 

aim, objective, and questions are set to contribute in solving the identified problem. Finally, 

the research significance, methodology, and structure have been introduced to articulate a 

rational justification for the chosen topic. 
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Chapter 2 

LITERATURE REVIEW 

 

 

 

ñWhere should I begin?ò 

(Galvan 2002, p. 17) 
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2.0 Introduction  

 

Financial management in the construction industry has many paths and ways, elements 

and factors, and concerns and issues regarding the process designing and engineering (Yana, 

Rusdhi & Wibowo 2015; Rodrigues & Bowers 1996; Khang & Myint 1999). For example, 

high pressure of clients on contractors, subcontractors, and even the consultant to achieve the 

required quality and time increases costs rise significantly (Yana, Rusdhi & Wibowo 2015; 

Rodrigues & Bowers 1996; Khang & Myint 1999). The design stage needs to identify 

complexity in each of its parts to achieve a successful execution and deliver the designed 

product with the lowest tolerance and using rare and/or expensive equipment, materials, and 

other resources optimally (Yana, Rusdhi & Wibowo 2015; Rodrigues & Bowers 1996; Khang 

& Myint 1999). On the other hand, some researchers such as James (2014) found that managing 

team members and their competencies contain most financial management factors in the 

construction industry, including managing human resources as a primary core subject (James 

2014). For instance, the subject assigned to employeesô wedges should be carefully designed 

(James 2014). Also, experience, capabilities, and competencies have to match each employee's 

offered packages (James 2014). Therefore, it is crucial to consider updated critical success 

factors and risks to improve the final modelling outputs in this research study. 

Besides, the economic structure of the United Arab Emirates has been changed. It is 

changing to reduce construction cost for all executers in the private sector as a government 

financial initiative to minimize risk and enhance economic performance (Radhi 2009). 

Furthermore, construction financial management had to include risk assessment plans regarding 

value engineering of resulted products compared to the consumed amount of money and 

resources (Ibn-Homaid & Tijani 2015). This is a significant issue, especially when the contractor 
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fails the project execution stage and hand over the work to another contractor or holds it for 

some time; hence, it can affect banks' capability to finance construction projects and bankrupt 

companies (Ibn-Homaid & Tijani 2015). Thus, the value engineering assessment should 

consider that uncertainty, risks, inflation, profit, and industry costs should be included (Ibn-

Homaid & Tijani 2015). Value engineering assesses critical success factors of construction 

procurement effectiveness, project implementation, economic conditions, and government 

guarantees for optimum results of invested money and resource (Winter et al. 2006; Bari et al. 

2011; Takim & Akintoye 2002). Cost modelling became the most important priority to assess 

money invested in projects at pre-construction stages for reaching more value of the resulted 

executed project. This is an added value to this research study because cost modelling and 

estimation can solve financial management and value engineering challenges.    

Cost modelling issues have been raised in the construction industry from the early 

eighties because of the demand for complicated fast large-scale developments in cities 

(Hardcastle 1992). This research reviewed Hardcastle's (1992) information modelling 

approaches for estimating construction industry costs to cover the 1980s and early 1990s 

(Isaksson 2002). This research reviewed time and cost modelling in the 1990s and early 2000s 

in more detail to identify significant gaps in construction industry cost modelling research 

(Isaksson 2002). Finally, since 2002, system dynamics and cost modelling research is reviewed 

to conclude this chapter with research contributions and existing gaps (Nikolic 2003; Cui 2005; 

Jang 2011; Boateng 2014; Ahiaga-Daghui-2014; Alzahrani-2015). 
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2.1 Project Cost Information Modelling Literature Review 

 

In this part, knowledge and information importance and interactions within cost 

estimating and modelling will be reviewed and analysed to determine the gap of its contribution 

to the construction industry. However, this will be through having a detailed literature review 

of previous research and related publications. Knowledge and information have several means 

and methodologies to be identified and managed using different construction industry software 

programs. However, it is contributing to mathematical and cost modelling significantly because 

it is impacting data accuracy and validity used in models with different weights (Schell, Claro 

& Guikema 2017; Zhang, Gong, et al., 2017; Pérez & Pericchi 2014; Cho, Hong & Hyun 2010; 

Zeng, An & Smith 2007; Chapman 1998; Hardcastle 1992). As a result, it is essential to include 

knowledge management and information source as a part of this research model to ensure more 

accurate results from generated simulations (Teerajetgul, Chareonngam & Wethyavivorn 2009; 

Seijts & Latham 2005; Bertrand & Fransoo Department 2002). Knowing how it is possible to 

estimate error based on accuracy weightage of information is used to predict construction costs 

(Zhang, Gong, et al. 2017; Abanda, Kamsu-Foguem & Tah 2017; Seijts & Latham 2005). This 

knowledge also includes data and information supporting the cost decision-making process in 

the construction engineering industry and project management (Toor & Ogunlana 2007; Seijts 

& Latham 2005). Knowledge can be used as quantitative and qualitative models to deal with 

unknowns and uncertainties (Seijts & Latham 2005; Flyvbjerg 2004; Koul & Falebita et al. 

2016). Thus, it is crucial to consider its impact weightage in cost modelling and estimate.   

After reviewing researches and literature, it is found that the most critical sources of 

collecting cost information in the building projects industry are historical data from previous 

similar projects activities and information provided by experts who experienced similar 

projects, problems, risks, and lessons learned (WEICK 1989; Jack & Raturi 2006; Klein & 
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Myers 1999; Cho, Hong & Hyun 2010). However, this increases the accuracy of cost models 

and estimated results (Cho, Hong & Hyun 2010). Because of this importance of information 

regarding the cost estimation process, researchers have developed the Building Information 

Modelling-BIM system to provide accurate and précised projects before projects 3D 

visualization ability (Abanda, Kamsu-Foguem & Tah 2017; Cheung et al. 2012). However, the 

BIM system provides calculation and specification analysis to accurately manage costs and 

allocate resources to execute project activity (Abanda, Kamsu-Foguem & Tah 2017; Cheung 

et al. 2012). Also, to have proper project management cost control during the execution stage, 

it must have a historical database of costs, economics, and estimation results to benchmark 

actual progress and performance for taking appropriate decisions financially and non-

financially (Abudayyeh et al. 2001). Thus, the control of information database is essential to 

success in taking or making cost-related decisions (Abudayyeh et al. 2001). Then, ontological 

approaches have been used to enhance BIM systems in an automated process by establishing 

ontology of work conditions and its determinants; and, establishing ontology of the works items 

and its factors; and, establishing the rules of semantic and logical reasoning of work activities 

(Poole & Ven 1989; Lee, Kim & Yu 2014; Niknam & Karshenas 2015). Nevertheless, dealing 

and working with unknown variables are considered big risks that require elimination or 

minimization, especially in a complex industry.  For example, in the construction field and a 

sensitive topic such as cost prediction and estimation, it is essential to eliminate unknown 

variables (Kubba 2017; Odeyinka, Lowe & Kaka 2013; Ramasesh & Browning, 2014). 

Moreover, researchers showed that information and knowledge about the risk and uncertainty 

could be classified as known unknowns and unknown unknowns proving the importance of the 

utili sed accurate information to deal with risks and cost estimation (Ramasesh & Browning, 

2014). Therefore, the process of getting the required valuable information for modelling 
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construction costs has to be through modelling data using intensive experienced human 

resources with the respect of each specialisation (Niknam & Karshenas 2015). Hence, the 

experts significantly impacted gathering proper information and knowledge collection of cost 

estimation models (Iyer & Jha 2005). This can affect factors and variables used in this research 

model; and, it will have a big role in cost estimate resultsô efficiency and effectiveness (Iyer & 

Jha 2005). The approaches of analysing and calculating variables input are affected by 

information and knowledge of how to deal with each variable, such as socio-economics 

variables (Todorov 2014). On the other hand, it is proved that critical success factors are 

connected mainly with appropriate knowledge management in the buildings project 

management field (Toor & Ogunlana, 2009). Hence, cost estimation modelling can be 

successfully launched when knowledge and information factors and criteria are respected and 

handled accurately to contribute strongly to project cost decisions. However, cost optimisation 

and research are done to enhance socioeconomics, develop public benefits, and improve 

countries' economies; they are also used to better decisions in projects to maximise profit 

(Florio & Sirtori, 2016).   

First, cost estimating and predicting research in the 1980s and 1990s was based on 

hypotheses and paradigm approaches to improve performance results in design and pre-

construction stages (Ray, Muhanna & Barney 2005; Hardcastle 1992). The approaches were 

similar to each other, but researchers have adopted them over the years for achieving the best 

cost modelling of construction projects (Meredith et al. 1989; Hardcastle 1992; Malhotra et al. 

2014). However, these approaches' primary adoption is essential to build the cost information 

model before cost estimation processes at design and pre-construction stages (ElSawy, Hosny 

& Abdel-Razek 2011; Dowlatshahi 2010; Hardcastle 1992). Thus, in the design stage, it is 

easier to identify and extract the required information of what is needed to be done in projects 
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execution and how these activities can be done (i.e., resources and other requirements) 

(ElSawy, Hosny & Abdel-Razek 2011; Dowlatshahi 2010; Hardcastle 1992). This is why 

information modelling is vital for creating a new cost estimation model. For example, it has a 

pre-model for cost called Cost Estimating Information Model which is a major output of 

research done during the 1990s in the field of building construction economy and financial 

management due to its impact on the accuracy of predicted cost (Hardcastle 1992). In the first 

adapted approach, ñParadigmatic Model,ò it is based on that theory is made to solve a puzzle 

before being able to take a proper decision through reaching a true or false answer for puzzle 

statement using analysing successful examples and conclude the required results (Dyer & 

Wilkins 1991; Hardcastle 1992, p. 11; Filippini 1997; Barnes 2001; Benjaoran 2009). Besides, 

the cost information model used ñhypothetico-deductiveò model to approach mathematically 

several hypotheses of the several assumptions made regarding the cost factors, decisions, and 

management analysis. Then, verify which hypothesis is correct and which one is wrong 

mathematically using numbers (Hardcastle 1992, p. 24; Kvale 1992; Ketokivi & Choi 2014).  

The equations in Figure 2-1 are based on 

information provided for construction cost estimating 

process in the design stage and used by previous 

researchers (Hardcastle 1992). However, in Eq. 2-1, 

ñEaccò is representing the estimation accuracy while ñfò 

is the function of ñFò (i.e., future), and ñIò is representing 

the provided information (Hardcastle 1992, pp. 26-37).  

Then, in Eq. 2-2, ñIqò represents the quality of provided information, while in Eq. 2-3 

ñSò is the function of ñQò (i.e., the accuracy of asked questions to gather information), and ñXò 

is knowledge in providing the required information (Hardcastle 1992, pp. 26-37). Finally, in 

Figure 2-1: Cost Estimation Mathematical 

equation used in cost information models 

(Hardcastle 1992). 

(Eq. 2-1) 

(Eq. 2-2) 

(Eq. 2-3) 

(Eq. 2-4) 
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Eq. 2-4, ñEacc1ò and ñEacc2ò represent the estimation accuracy of different people and equal to 

the square of first observer and provider information quality (Hardcastle 1992, pp. 26-37). 

Thus, by having differences between the sides of an equation, it will be easy to catch low-

quality information of each step's cost estimation process (Hardcastle 1992; Maiwenn 2013; 

Sturges & Hanrahan 2004; Trier-Bieniek 2012; Boyer et al. 2002). Also, from this set of 

equations, it is clear that the risk and uncertainty of having accurate information are high and 

need appropriate models for further improvement and development to achieve the demanded 

efficiency as proposed in Figures 2-2 and 2-3 (Hardcastle 1992).  

     

 

 

 

 

 

 

 

 

In Figure 2-2, the criteria of activity estimation are made of several factors: project size, 

expertise, building type, familiarity, market conditions, details of information, number of 

bidders, sample homogeneity, and extent of the available database (Hardcastle 1992). This can 

be done at the design stage to optimize the estimated cost subject to accuracy (Hardcastle 1992). 

On the other hand, Figure 2-3 shows the process of designing a cost information model for 

accurate cost estimation of the construction project at the pre-construction stage; however, as 

much the demand for information increases, the feedback of information will increase 

(Hardcastle 1992). So, this can be done and conducted in the following stages: 1) pre-tender 

Figure 2-2: Cost Estimating Criteria which are affecting information quality of an 

accurate estimated cost (Hardcastle 1992). 
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planning, 2) master program, 3) stage program, 4) short term program, 5) allocation of labours 

and plants, 6) material pricing and ordering stage, 7) bonus progress, 8) and progress 

monitoring (Hardcastle 1992). 

In the end, the cost estimation information modelôs investigation proved that it is crucial 

to have appropriate knowledge through studying information rather than directly studying cost 

itself to get accurate and effective values (Shen, Nguyen & Ojiako 2013; Xu & Moon 2013; 

Tummala & Schoenherr  2011; Hardcastle 1992). Hence, projects' budgets and prices can be 

set accurately to provide more profit and efficiency of investment financial decisions 

(Hardcastle 1992). This will vary based on geographical location, time, and extracted 

information source (Ju, Li et al. 2017; Binder & Edwards 2009; Venkatesh, Brown & Bala 

2013; Hardcastle 1992). Nevertheless, the variation of costs after gathering information has a 

significant impact on estimated cost results; so, it has to be covered according to information 

flow and criteria of construction project development (Abanda, Tah & Cheung 2013; Baloi & 

Price 2003; Hardcastle 1992).   

 

 

 

 

 

 

 

 

On the other hand, the latest research and journal articles explained the relationship 

between constructions cost prediction, knowledge, and information modelling from 1992 until 

the present time (Hardcastle 1992). These researches have been proving and showing new 

Figure 2-3: How information model is designed for modelling and estimating 

cost at the design stage (i.e., pre-construction stage) (Hardcastle 1992). 
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important factors and points that impact modelling costs (Kambanou & Lindahl 2016; 

Stockton, Khalil & Mukhongo 2013; Hardcastle 1992). First, information modelling could 

check the adequacy of factors using Building Information Modelling-BIM, which is the 

primary tool of modelling construction information before any estimation related to quantities, 

resources, or costs (Wang, Wang, et al. 2016; James 2014; Belay, Torp, et al. 2016; Jrade & 

Lessard 2015). However, it is essential to update factors and information used for modelling 

construction at the pre-construction stage (Ibanez-Lopez, Martinez-Val & Moratilla-Soria 

2017; Yasin, Czuchry, et al. 1999). For example, developing and shaping manufacturing 

information, criteria, and factors is done to integrate more accurate construction models 

(Zhiliang et al. 2011). Also, the latest research showed that the clientôs specifications 

compliance could be only achieved by translating it successfully into an estimating information 

model; so, at tendering stage of constructions, it is necessary to get appropriate budget approval 

to satisfy the clientôs engineering, architectural and technological requirements (Ma, Wei & 

Zhang 2013). Besides, information modelling characteristics had to be enhanced to cover time 

change and its impact on each factor included in cost estimation information; nevertheless, this 

is going to improve the planning and execution processes to be within the approved budget as 

much as possible while making overrun and underestimating processes as low as possible at 

the design and pre-construction stages (Jrade & Lessard 2015). Moreover, it is proved that 

applying building information management systems (3D) for scheduling and predicting budget 

has a strong impact on the results of execution pricing. However, 3D BIM is being developed 

to include more dimensions and is more efficient with PROMQACS ñProject Management 

Quality Cost Systemò (Wang, Wang, et al. 2016; Love & Irani 2003, p. 653). Finally, the latest 

essential and significant dimensions of building information modelling (BIM) in the 

construction industry added time, cost, and as-built operations to end up with a 6D model in 
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the pre-construction stage. 6D BIM model estimate accurately costs and risks of the execution 

stage; however, in the last three years, researchers have tried to estimate construction cost using 

information modelling instead of modelling cost information at the pre-construction stage. For 

example, several software programs help estimate and model costs, such as BIM, Microsoft 

Access, Primavera, and MS project (Hafez, Aziz & Eldars 2015; Smith 2014; Wu, Olson & 

Birge 2011; Perera & Imriyas, 2004).  

In summary, it was discussed how the knowledge and information management systems 

could affect and impact cost estimation modelling and its results. Therefore, the first part of 

this chapter took into consideration information, including its types and approaches. First, 

knowledge collection methods and systems are concerned with gathering required data for 

pricing and budgeting projects. Data collection had several criteria, such as the details, size, 

complexity, and other mentioned points included in reviewed research. Also, cost information 

mathematical modelling determines its adequacy, accuracy, and class weighting based on cost 

results.  Second, information management results can impact the validity and quality of the 

cost prediction model. After that, this chapter discussed the types of information presentation 

and modelling, including charts and figures such as Primavera and MS project software 

programs; and statistical tables and mathematical analysis such as the MS Access; and data 

visualization, including Auto CAD Revit programs. However, information models are 

developed to include 3, 4, 5, and 6-dimensional models. Finally, this part of chapter 2 is going 

to be used in collecting factors of cost prediction modelling and how they should be connected 

in order to have more accurate and efficient results from this study; nevertheless, this will 

develop an approach to connect variables and set out their equations and weights as per their 

significance for this thesis integrated model.    
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2.2 Project Cost, Economics, & Profitability Modelling Literature Review 

 

In many countries around the world, projects have played a big role in the countriesô 

economy over the years; however, this economy has been changed according to people 

interactions for reducing uncertainties of upcoming events and projects to ensure sustainability 

through developments and time (Gagliardi 2016; Nguyen, Ogunlana & Lan 2004; Abd-El-

Razek, Bassioni & Mobarak 2009; Boyer & Pagell 2000; Ashrafia et al. 2016; Ali & 

Kamaruzzaman 2010; Chou 2011; Handfield & Melnyk 1998). Nevertheless, the economy and 

policies have impacted and shaped industrial business, including construction and 

manufacturing business; so, it is essential to estimate profitability and loss based on cost 

prediction to realize the non-conformity of production (Pasandideh et al. 2015). Therefore, 

waste of resources or materials that might affect the profitability of construction projectsô 

execution should be added to this research study (Pasandideh et al. 2015). The economic factors 

and variables are crucial to set project profitability criteria at the pre-construction stage (Tang, 

Aoieong & Ahmed 2004). For example, the quality costs and variables are not included in the 

information modelling systems such as Primavera and BIM software; however, the cost 

modelling of processes is important because it tests the project's feasibility and applicability 

(Tang, Aoieong & Ahmed 2004). As a result, it is concluded from previous researches that cost 

modelling improvement is still required for more accurate estimations. This depends on how 

variables and factors are connected to form an estimating network of project costs (Lehtonen 

& Kiiras 2010). In other words, variables and factors had to be customized and integrated to 

fulfi l project criteria and requirements to achieve profitability and avoid any delay or non-

compliance (Lehtonen & Kiiras 2010). It is also necessary to optimize the allocation of the 

calculated budget, which is done by having appropriate cost identification for each process 

(Golenko-Ginzburg et al. 2006). This will help in monitoring and controlling the projectôs 
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activities accurately (Golenko-Ginzburg et al. 2006). Finally, it is essential to determine 

contracting feasibility solutions to optimize costs while choosing the best contractor for the 

assigned job and minimize risks (Turskis 2008).  

The following review will detail researchersô outcomes regarding project cost 

estimation feasibility, profitability, and economics. It will then detail cost and profitability 

updates from scientific journals required to determine this research modelling. In order to 

develop the economy in cities or other geographical areas, it is important to have optimum 

buildings and infrastructures and set appropriate economic development plans (Bigsten 2016).  

This can be done by improving processes resulting from project management cost modelling 

optimization research and practices; besides, this will achieve higher profitability from 

delivering end-user products (Agyapong-Kodua et al. 2012; Wudhikarn 2011; Bigsten 2016; 

Love et al. 2002). On the other hand, cities are based on the market investmentsô environment 

besides individuals and organizations involved in the economic circulation of investment loops 

(Enezy et al. 2017; Doloi 2012). However, the United Arab Emirate economy is changing to 

adapt sustainable building projects to enhance and benefit its national economy (Asif 2016; 

Clifton 2016). These opportunities are demanding huge construction developments in the 

building and infrastructures, which require to have sustainable materials and energy 

consumption to the EXPO 2020 and 2030 development plan in Dubai and Abu Dhabi emirates 

(Asif 2016; Clifton 2016; Dubai-Government 2016; KSA-Government 2016; Abu Dhabi-

Government, 2016a, 2016b, 2016c, 2016d, 2016e, 2016f ). Abu Dhabi and Dubai required 

having negative inflation for construction after 2008 economic cries due to the high need for 

more developments (Clifton 2016). Therefore, it requires more cost optimization due to the 

change in available budgets of megaprojects and other complex construction (Clifton 2016; 

Asif 2016). This represents the main challenge at present and for 20 years because of economic 
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GDP drop in the United Arab Emirates from 399 US$ BN to 385 US$ BN from 2014 to 2016 

and the because of UAE economic re-structure to replace oil income (Clifton 2016; Asif 2016). 

Researchers found that system dynamics is the most effective method and approach to 

analysing changeable variables showing results before and after changes. This made system 

dynamics more realistic and accurate in critical cost and risk forecasting, such as engineering 

processes and construction activities (Chapman 1998). Then, because this research study 

focuses on the critical variable of cost, using system dynamics can be considered the most 

effective and accurate approach (Cassettari & et al. 2016; Lee, Pena-Mora & Park 2006; 

Reichelt & Lyneis 1999; Williams 2001; Chapman 1998). After researching large projects and 

construction of building and infrastructure industry, it is also proved that dynamical modelling 

is the most efficient method to solve disputes and conflicts between parties (Bates & Holt, 

2011). However, research proved that cost is the most critical reason for conflicts and dispute 

resolution generation within projects (Bates & Holt, 2011). These conflicts affect the cost, 

quality, and time of projects and can even drive to failure of complex and large projects in the 

construction industry (Bates & Holt, 2011). As a result, it is required to all the conflict by using 

appropriate tools and approaches such as system dynamics techniques (Bates & Holt, 2011).  

Researchers showed that to have the best efficiency of costs and benefits requires optimizing 

economics and managerial processes of scientific-technical developments at the design stage 

to handle the building constructions' costs and performance under challenges and changes 

(Abdallah 2007). Project challenges can result from the political, economic, and working 

environment at dif ferent construction stages (Abdallah 2007). Also, modelling other variables 

than costs, such as 3D modelling of construction buildings, can be very useful in estimating 

costs (Abdallah 2007). After that, cost of quality is a critical issue in United Arab Emirates 

cities such as Dubai; however, it is due to cost overrun when an undesirable productôs quality 
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reaches the rework level (Abdelsalam & Gad 2009). This cost of quality is around 7% of the 

project construction costs while usually not budgeted or estimated in cost models (Abdelsalam 

& Gad 2009). Thus, controlling cash flow overrun in the construction industry in the United 

Arab Emirates will help in faster economic growth since it is the main industry (Abdelsalam & 

Gad 2009). Moreover, the profitability of construction projects is generally calculated at pre-

construction stages (Al-Jibouri 2003). On the other hand, profitability is reduced when 

budgeted costs start to be broken, and the projectôs performance takes more than what it should, 

according to estimated costs (Al-Jibouri 2003). So, appropriate monitoring of performance will 

enhance cost control effectiveness in construction projects (Al-Jibouri 2003). Nevertheless, to 

have appropriate monitoring of the projectôs activities, it is necessary to apply and simulate 

dynamical planning to keep up with dynamical construction variables that keep changing 

(Alzraiee, Zayed & Moselhi 2015). After that, it is important to know that cost x modelling has 

many controllers, affecting its accuracy and efficiency; however, one of these significant 

factors is price inflation, especially in a country like the United Arab Emirates (Abdallah 2007; 

Clifton 2016; Asif 2016). For example, the main reason for the significant problem is business 

economy and costs; therefore, it is important to review economic research that includes 

inflation and money supply relationships (NikoliC 2003; Abdallah 2007; Clifton 2016; Asif 

2016). This is resulting in either changing interest rates or changing tax rates (NikoliC 2003). 

The research studies showed that inflation based on tax changes is causing inflation of the 

interest rates (NikoliC 2003). This is very important to model cost after knowing that United 

Arab Emirate will apply taxes starting 1st January 2018, leading to inflation (Al-Hamadi 2020). 

Also, researchers studied profitability in construction industry firms to understand and analyze 

its uncertainty and complexity using the dynamical model (Cui 2005; Salling & Leleur 2015; 

Cheng 2014; Kujawski 2007). This will show the best possible way of managing profitability 
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in construction industry firms (Cui 2005; Shahandashti & Ashuri 2013; Williams 2003; 

Ayangade, Wahab & Alake 2009). This uncertainty and complexity are resulting because 

contractor have to underestimate costs to bid and award projects then deal with inflation, 

government regulations, fluctuation of interest rates, and changing orders at a later stage (Cui 

2005; Mizell & Malone 2007; Doloi 2011; Elhag, Boussabaine & Ballal 2005). Therefore, 

profitability system dynamics will support achieving projectsô acceptable quality within the 

planned budget and time frame (Cui 2005; Bovsunovskaya 2016; Atkinson 1999; Poucke, 

Matthyssens & Weeren 2016). In other words, competition on construction project bids 

requires a meagre budget while actual cost increases due to deferent variables change, making 

profitability almost impossible to be achieved or be satisfactory (Cui 2005; Siciliano et al. 

2016; Koomey, Hultman & Grubler 2017; Willis & Willis 1995). However, this is not the first 

time that contractors suffer from profitability issues since more than 11% of business failures 

in 1987 and an average of 60 construction business failures per year until 1998 (Kamaruzzaman 

2010; Peña-Mora et al. 2008; Cui 2005). It was then found that the profitability issue 

contributed to about 26.72% to construction failure, which has been increased in early 2000 

(Cui 2005). Researchers studied cost from the perspective of profitability because it is the way 

to maintain project base businesses and measure their performance since 1972 (Cui 2005). 

Thus, profitability was considered a research topic based on comparing projects cost with 

bidding budget over time, including changing variables in dynamic systems and influence 

networks (Poh & Tah 2006; Cui 2005). However, profitability research created a dynamical 

management model system to analyse profit quality, profit sustainability, profit possibility, and 

profit potentials, as shown in Figure 2-4 (Cui 2005). 
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The proposed system of modelling profitability as in Figure 2-4 shows multiple players 

like equipment leaser, subcontractors, suppliers, banks, competitors, and owners; however, 

these layers contribute to several management systems that interact directly with the 

construction project management field industry (Cui 2005). For instance, the equipment 

management system, human resources management system, bidding management system, and 

financial management system are directly interacting with the construction project 

management field (Cui 2005). In other words, profitability research from 2000 to 2005 took 

the intersection point between project management, financial management, and bidding 

management system as the primary research gap to build profitability management model using 

system dynamics to contribute to the body of knowledge (Cui 2005). Therefore, profitability 

modelling outputs did not include cost estimation cash flow for residential buildings whole life 

cycle, covered in this research thesis (Modell 2005; Cui 2005; Dikmen, Birgonul & Han 2007; 

Resende et al. 2017; Moghaddam & Michelot 2009). On the other hand, researchers used 

Figure 2-4: Proposed Profitability System (Cui 2005). 
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system dynamics modelling and other modelling approaches to support building this final 

thesis model; nevertheless, the following part will include how researchers contribute to this 

study. 

For instance, the development of profitability modelling system started from the four 

main bases of profitability management; first, profitability quality, this is the part where 

stakeholders need to be satisfied with profit margin, rate of return, and quantity after investing 

their money (Cui 2005; Hurt & Schrock 2016). Second, profitability management includes 

affording cost and taking the risk of losing what is invested (Cui 2005; Lowe 2015; Mils 2001). 

Third, profit potentiality is where the contractor needs to check all possible ways to optimize 

and maximize project profit while satisfying surrounded constraints, including all contributing 

variables (Cui 2005). Finally, profit sustainability maintains the sustainable value of profit for 

stakeholders, including value to economic changes and inflation such as interest rates and 

inflation (Cui 2005; Murillo-Hoyos, Volovski & Labi 2016; Feuillette et al. 2016; Moore & 

Loredo 2013). And, value to the legislation governmental roles and regulation costs like taxis 

and fees (Cui 2005; Matto & Sippola 2016). Also, it includes the value of the profit percentage 

to net income quantity such as money and assets (Cui 2005; Wu, Olson & Birge 2011). As a result, 

the model has reached a more complex level based on adding other related variables to the 

bidding and profitability dynamical modelling system, as shown in Figure 2-5 (Cui 2005). 

Therefore, this research should include profitability management variables for better cost 

estimation modelling. 

 

 

 

 



 

Page 41 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Next, to study profitability using the dynamical model in Figure 2-5, researchers 

involved uncertainties and agents in representing individuals, organisations, or teams 

interacting and getting involved in the explained game theory structure (Cui 2005; Walker et 

al. 2014; Cohen & Kunreuther 2007). First, uncertainty appears in decisions of a contractor, 

which is translated to money on a later stage to cover different bad scenarios that might happen; 

also, the proposed agent supposed to be able to predict the consequences of its actions (Cui 

2005; Walker et al. 2014; Cohen & Kunreuther 2007). Other agents then have actions and can 

predict their consequences (Cui 2005; Walker et al. 2014; Cohen & Kunreuther 2007). 

However, they are used to direct model behaviour when employed (Cui 2005; Walker et al. 

2014; Cohen & Kunreuther 2007). In this way, the model will represent the required 

information for proper analysis and better understand how costs and budgets can interact with 

Figure 2-5: Profitability System Dynamical Model (Cui 2005).  
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other influencing and influenced variables, as shown in Figure 2-6 (Cui 2005). Therefore, this 

research should test variables against several scenarios in its validation stage to ensure accurate 

project cost prediction.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As a result of this developed modelling analysis, the primary and most significant 

problem of profitability issue is the cash flow balancing process; so, cash flow loops model has 

been developed to study its efficiency within the bidding system model as shown in Figure 2-

7 (Cui 2005; Hwang 2011; Hwang 2005; Chang & Ko 2016; Spickova & Myskova 2015). This 

is describing and involving related variables of in and out cash flow processes of projects at 

construction stages (Cui 2005; Hwang 2011; Hwang 2005; Chang & Ko 2016; Spickova & 

Myskova 2015). Therefore, during the construction stage, cash flow is significant and requires, 

including it in this research study. 

Figure 2-6: Complex Adaptive Bidding System with One Agent (Cui 2005).  
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Besides, cost-sharing within the project can generate more and different cash-based 

cash farming concepts through building operation when having multiple projects (Cui 2005; 

Aziz & Abdel-Hakam 2016; Marzouk & Azab 2014). For example, the cost of equipment 

leasing for a project can be less if the leasing period is longer to cover two or more projects 

instead of leasing it separately for each project; in this case, each project will cost less for using 

the same equipment, which will increase the profitability significantly (Cui 2005; Aziz & 

Abdel-Hakam 2016; Marzouk & Azab 2014). It also applies to used equipment instead of new 

ones (Marzouk & Azab 2014). 

 

 

 

 

 

 

 

 

 

 

 

In the cash flow feedback loop of Figure 2-7, costs, and cash outflow liabilities interact 

with income to reach profitability cash balance in the construction projects in the used 

dynamical model (Cui 2005).  

Figure 2-7: Feedback Loops in Construction Projects Cash Flow (Cui 2005).  
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However, studies from 1989 showed that construction management uncertainties and 

problems appeared from low précised estimation and costs budgeting (Winch 1989). Research 

proved that most risk factors fall under the cost uncertainty umbrella (Ökmen & Öztas 2010).  

Besides, ñCorrelated Cost Risk Analysis Modelò (i.e., ñCCRAMò) is created after the 

economic crises using a hypotheses approach to simulate the risks and costs of construction 

projects besides the Monte Carlo Modelling and analysis to provide an accurate prediction of 

costs and profitability in related with known risks (Ökmen & Öztas 2010, p. 203). Finally, 

profitability maximization demands cost modelling innovation in processes and activities based 

on available opportunities to improve the performance and results (i.e., outcomes and 

products). Therefore, researchers started to check construction costs based on time and internal 

dimensions of construction cost models to contribute in project management improvement 

(Xiong, Xiong & Xia 2015; Leiringer 2006; Yu & Lo 2005). 

In summary, factors analysis and integrating cost estimating models in economics and 

profitability disciplines are significantly important. Its importance comes from the required and 

desired results, maximizing the projectôs profit from contractorsô perspectives. Also, 

integrating cost estimating models reduces cost overrun and loss of money from clientsô 

perspectives by staying within an acceptable tolerance of planned budgets. For example, the 

analysis of multiple projects' cost-benefit discount rate is an essential tool for minimizing risk 

cost (Torriti 2012). An artificial cost flow network is another example of modelling risks and 

costs within construction businesses (Odeyinka, Lowe & Kaka 2013). However, capital 

analysis in most of published reviewed articles included cash cycle, current assets, liquidity 

ratio, and short term liabilities, which are required to maximize profit while optimizing 

operational costs of complex processes (Meszek & Polewski 2006; Winter 2016; Chowdhury, 

Sharma & Platz 2016; Geissmann 2017; Cople & Brick 2010; Yusoff et al. 2016; Ibn-Homaid 
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& Tijani 2015; Sydor et al. 2014; McLean & McGovern 2017;). On the other hand, forecasting 

models of cost in Taiwan showed that errors, mean values, weightings and indices of costs play 

a significant role in determining whether projects are profitable or not (Wang & Mei, 1998). In 

other words, it will ensure cost variation (i.e., cost overrun tolerance) to be within the expected 

tolerance of the planned budgets (Wang & Mei, 1998). According to more than a hundred 

construction experts, construction profitability is based on its critical success factors; 

nevertheless, it affects and affects economicsô situation, commitment, comfort, 

communication, and competence categories (Nguyen, Ogunlana & Lan 2004). In summary, 

previous research reviews showed how profitability analysis, factors, and variables are 

essential concerning the economy, projects costs, and risks, which can be done using several 

tools and approaches. However, the best and most accurate approach up to date as per reviewed 

literature is to use system dynamics tools and techniques to analyse all possible dimensions 

that can impact final estimated cost results. Also, the analysis of profitability factors and 

variables from the contractorôs perspective will give a more appropriate understanding of how 

to cover what they miss as a client. In other words, studying contractorsô ways of understanding 

and dealing with cash flows considering risks variables and factors while connecting them with 

economic factorsô network of the construction project at the pre-construction stage will give 

more accurate cost prediction model and value.   

 

2.3 Project Cost and Risk Interaction Modelling Literature Review 

 

Although risk quantitative management and analysis are ignored, they are essential to 

predict its costs and impact on planned time, performance, and budget of construction projects 

(Poh & Tah 2006). So, it is imperative and valuable to identify and assess possible known risks 

and predict the unknown risks in projects at the pre-construction stage (Schieg 2010). This will 
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avoid cost overrun due to waste of time or resources; however, researches proved that risk 

factors and variables are major and required to be considered while integrating and analyzing 

construction cost models (Schieg 2010). For more than 40 years, these factors and variables of 

industrial businesses' risks are projectsô concerns for project managers and operations managers 

(Seshadri & Subrahmanyam 2005). However, the risks and cost statistical and mathematical 

equations are the best way to measure and evaluate the financial and non-financial assetsô risks 

impact on predicting costs (Hernandez-Sancho, Molinos-Senante & Sala-Garrido 2011). In 

other words, the relationship between costs and risks has been proved by researchers that costs 

and time impact risks; however, vice versa connection of variablesô sets did research in cost 

estimating and modelling take into consideration risks from identification stage to assessment 

stage using integrated models (Doloi 2012). In 2010, researchers started to develop and compare 

cost modelling of constructions to reach more accurate solutions using mathematical equations 

for a précised value before executing projects (Petroutsatou & Lambropoulos 2010). It is done 

on infrastructure roads and tunnels projects while not including residential projects covered in 

this research (Petroutsatou & Lambropoulos 2010). Researchers' models covered fuzzy 

techniques for reasoning and analysing construction risks to take and implement appropriate 

decisions (Zeng, An & Smith 2007). These fuzzy modelling of risks opened the door for more 

appropriate methods and approaches to analyse risks with the other factors and categories such 

as system dynamics (Nasirzadeh, Khanzadi & Rezaie 2013). Therefore, in chapter 2 of this 

thesis, cost modelling and its interaction with risks using system dynamics will be reviewed and 

considered based on the latest empirical research. The latest tools and results of modelling costs 

and risks in the construction industry, according to scientific journal publications will be 

reviewed to reach the highest possible inputs accuracy of the proposed cost model. 
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After that, risks lead to extra costs in the construction industry due to improper 

assessment processes or misidentifying some of the critical risks; so, variables of risks are 

impacting estimated budget accuracy significantly when they cause changes in costs of 

construction execution (Ali & Kamaruzzaman 2010). Also, most of the time, risks are 

identified and assessed to provide the proper performance of the project delivery process; thus, 

performance variables are considered critical projects cost modelling (Ali & Kamaruzzaman 

2010). However, according to some researchers, costs mathematical modelling in building 

construction projects, optimises estimated results when related to risky components such as 

time, waste, and energy (Abanda, Tah & Cheung 2013). It was also proposed to model costs 

against an important criterion such as the cost impact of risky variables over time (Abanda, 

Tah & Cheung 2013). This was done by integrating and designing a set of equations required 

to get better results (Abanda, Tah & Cheung 2013). Cost modelling in public-private 

partnership construction projects is considered a big challenge that has to be eliminated or 

minimized for more accurate financing and funding without facing challengeable obstacles. 

However, these obstacles may lead to delay or fail projects at the execution stage (Akinyemi 

et al., 2009). In order to solve risky cost decisions, it was found in research that most 

construction practitioners and professionals such as project managers use ñCost-Effectiveness 

Acceptability Curveò (CEAC) for appropriate and optimum decisions. For instance, the 

percentage of using the (CEAC) has increased from 2.1% to 32.6% between 2001 and 2006, 

proving its efficiency and deep connection between risk and cost in projects (Maiwenn 2013, 

p. 93). Moreover, regarding construction risks and cost overrun, it is popular that structural 

elements and other components make people over-design the engineering component for 

reducing risk while increasing cost significantly; however, cost-design optimization methods 

have been developed by researchers to solve risk-cost conflicts between management and 
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technical professionals (Aldwaik & Adeli 2016).  Therefore, it can be considered one 

construction project management cost modelling factors and variable (Aldwaik & Adeli 2016). 

Next, researchers developed controlling charts of checking, monitoring, and controlling 

quality; however, the quality will be considered a factor of cost-risk variables due to the conflict 

between management and technical requirements for end-users (Aliverdi, Naeni & Salehipour 

2013). Form investigation conducted by researchers in the private and the public sectors, it was 

found that estimating and predicting cost modelling must cover construction industry risks 

when it comes to the financial decision starting from choosing contractors until delivering the 

project to the end-users by the client; however, this is because of the following: 1) the 

underestimate at projects pre-construction stage (i.e., tendering stage), 2) the overrun of costs 

during projectsô execution, 3) the financial and funding constraints of appearing risks and 

claims made by projects parties (Ayangade, Wahab, & Alake 2009). This makes cost modelling 

accuracy extremely significant in the construction industry from the client's point of view 

(Ayangade, Wahab, & Alake 2009). Therefore, it is essential to cover construction risks in this 

research modelling study. 

One of the effective methods of analysing construction costs under the risks and 

uncertainty in developing a fuzzy approach and framework (Dikmen, Birgonul & Han 2007; 

Baloi & Price, 2003). This will help make an appropriate financial decision and estimation 

(Dikmen, Birgonul & Han 2007; Baloi & Price, 2003). The fuzzy framework has been 

discussed in several cost research papers and thesis as per the following parts of this chapter. 

It can also be based on case-based approaches for cost estimate modelling scenarios through 

experience and hierarchy process combination methodology (An, Kim & Kaug 2007). It can 

be achieved by developing project costs predicting reasoning efficiency analysis (An, Kim & 

Kaug 2007). So, the dynamical modelling of risks in construction projects using fuzzy logic 
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showed that system dynamics could identify and allocate risks at the early stages of executions 

while it can also help in eliminating unnecessary risks before experiencing its impact on costs, 

time, or performance (Wang, Ding, et al. 2016; Nasirzadeh, Khanzadi & Rezaie 2014). After 

that, risk modelling identified different reasons behind different pricing results for the same 

construction project processes and activities in different times and positions; for example, 

political, law, and international procedures risks as significant in modelling costs accurately 

(Cohen & Kunreuther 2007). However, it is essential to consider it in this research system 

dynamics modelling as the best approach to identify the most accurate costs of resources and 

activities during the projectôs stages (Eden, Williams & Ackermann 2005; Liu, Xu et al. 2012). 

For example, the ñVector Autoregressionò Model (i.e., VAR) proved that budgeting processes 

for long and short-term project operations have significant impacts on CCI ñConstruction Cost 

Indexò stochastic forecasting (Xu & Moon 2013, p.10). So, the risks of changing the project 

schedule will significantly change its pricing, and the estimated costs and budget accuracy will 

change accordingly (Pajares & López-Paredes 2011; Mizell & Malone 2007). This is because 

of economics and policy conditions, which may change resource prices variations (Pajares & 

López-Paredes 2011; Mizell & Malone 2007). Therefore, the ñearned value management,ò 

besides monitoring and controlling techniques, needs to be considered when scheduling 

processes to fix estimated budget as much as possible (Pajares & López-Paredes 2011, p.615; 

Mizell & Malone 2007). 

Besides, researchers found out that it is crucial to model cost and time in mega 

construction projects such as tunnels (Isaksson 2002). However, the tremendous adverse effects 

of high risks and uncertainty of construction projects, such as infrastructure and tunnelling 

projects, are caused by over costs and delays resulting from an improper assessment of cost 

and time risks at pre-construction stages (Torp et al. 2016; Memon et al. 2010; Thijssen 2015; 
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Isaksson 2002). These researches declared that cost estimation modelling is essential for 

megaprojects and investigated this importance validity using infrastructure projects without 

covering residential buildings; therefore, this research study will continue after investigating 

cost estimation modelling for residential projects using system dynamics. Also, it is agreed that 

over costs in construction projects are happening because of several factors, including unfixed 

costs after fixing the budgets, finalizing tender documents, starting projectôs activities under 

inflation, which are changing actual costs from the expected budget (Isaksson 2002; Ong & 

Ong 1986; Toh, Ali, et al. 2012; Peng & Lai 2012; Zakis, Zakis & Arfridsson 2017). So, time 

and cost modelling of projects is significant because of its power to shape clients and 

contractorsô decision-makers who are the most powerful and essential stakeholders in mega 

projects such as infrastructure and tunnels (Isaksson 2002; Acebes et al. 2013; Signor et al. 

2016; Karim & Adeli 1999). As a result, this research study will investigate cost estimation 

accuracy in housing mega residential projects in the UAE. Besides, researchers concluded that 

research mathematical modelling and approaches, including probability and Monte Carlo 

simulating technique, is to maximize forecasting decisions accuracy (Isaksson 2002; Meyer et 

al. 2013; Matto & Sippola 2016; Kleyner & Sandborn 2008; Hamaker & Componation 2005; 

Sher & Punglia 2014; Shah & Goldstein 2006; Lee, Lee, et al. 2011).  

In other words, the advantage of including cost overrun estimate calculations and time 

modelling mathematically from client and contractor perspectives is to help in making better 

decisions regarding tender budget and pricing; however, studies found that the ñconstruction-

contractingò method can consume and waste too much time and money during project 

execution stage (Isaksson 2002, p.9; Hu & He 2014; Jrade & Lessard University 2015; Wilke 

2005). Overrun and over budget uncertainties are high costs risks on contractors and clients; 

however, it will be included in this research variables and factors (Isaksson 2002).  Cost-time 
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modelling has been proposed based on estimation and the practical modelling of projectsô cost 

dynamics (Isaksson 2002; Zhu et al. 2007; Adey et al. 2012; Howell & Koskela 2000). It is 

also imperative to determine the condition of geological and hydrological aspects (i.e., soil and 

ground conditions) of the mega-project execution (Isaksson 2002; Ong & Ong 2016; 

Jafarzadeh et al. 2015). Second, it is necessary to select the executing method for each project 

part of the tunnel by dividing it into zones or segments based on the geological classification's 

characteristics and then grouping the similar zones based on the homogeneity characteristic. 

However, this will help choose the method of executing the project which is critical and 

necessary to determine the time and cost estimation and modelling (Isaksson 2002; Koo et al. 

2010; Battistoni et al. 2016). That is why the execution method, geographical location and soil 

type must be included in this research study. 

Third, the following step estimates the needed normal cost to execute each zone 

(Isaksson 2002). In other words, it aims to estimate and expect costs during the execution time 

required to finish the project under normal circumstances and conditions (Isaksson 2002; 

Battistoni et al. 2016).  This will be done by having several formulas as shown in equation 2-5 

for measuring the normal cost of tunnel construction where ñCNiò is the normal cost, ñZò is the 

cost variable, and ñg(x(l))ò is the effort production function. The normal production time ñQò 

can be calculated from efforts production function ñg(x(l))ò based on time-dependent cost 

(Isaksson 2002). After estimating and calculating all zones' normal cost and time, it is 

mandatory to measure and estimate the probability of the normal time frame and normal cost 

budget for each executed and constructed production class (Isaksson 2002, p.107). This can be 

done by having Monte Carlo modelling to measure probability while ñg(x(l))ò can be calculated 

by using the following steps (Isaksson 2002, p.107):  
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1- Using equation 2-6 and 2-7, where ñmiò is the mean value for each class or group, ñaò 

is the lowest expected value of production effort. ñbò is the production effort 

probability value, and ñcò is the highest expected value of production effort.  

2- Calculate the standard deviation can be done by equation 2-8, 2-9, and 2-10 where 

ñE(Y)ò is production effort, ñPiò is the probability of each production effort class 

required to achieve, and ñůiò is production effort standard deviation. 

3- Suppose there is strong correlation between all classes and zones' geotechnical 

specifications. In that case, the standard deviation will be calculated using equations 2-

11 and 2-12 where ñLò is total tunnel length, and ñŭlò is the distance of each similar 

segments group with the same geotechnical characteristics.   

4- Then, for calculating normal cost, it is decided to use equation 2-13 where ñjò refers to 

the type of cost in Issaksson's (2002) cost estimation model. 

5- Also, to calculate time-dependent cost ñZò, it is decided to use equation 2-14 where 

ñQò is normal. 

6- To calculate and find out the quantity dependent costs, it is decided to use equations 2-

15 and 2-16.  

7- Finally, to estimate and calculate fixed costs, it is decided to use equation 2-17; and it 

is decided to use equation 2-18 to calculate the total estimated normal costs. 

Nevertheless, a set of modelling equations has to be taken into consideration in case of 

having a non-desirable situation which can cause time and cost more than the normal estimated 

time and cost And, it is used for estimating and calculating the time and cost of each situation 

as the following (Isaksson 2002, p.154): 
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1. Calculating probability ñXò value exceeding a critical value ñXcò using equations 2-19 

and 2-20.  

2. Calculating geotechnical random situation probability in projects using equation 2-21. 

3. Calculating mechanical random situation probability in projects using equation 2-22. 

4. Calculating accordance probability of ñgross errorò situations in tunnel projects. 

5. Calculating time or cost special situations by using equations 2-23, 2-24, and 2-25.  

6. Finally, cost and time modelling calculation was based on the Monte Carlo technique 

and using equations 2-26 and 2-27.  

Therefore, in this research study, cost modelling will be covered through probability analysis, 

mathematical modelling, and error calculation to end with more accurate outputs.  

After that, researchers found that most risk identification, assessment, and control are 

based on cost overrun and time delay (Boateng 2014; Heralova 2014; Flynn et al. 1990; Gilbert 

et al. 2016; Guo & Sultan 2017).  Thus, it is important to get accurate decisions regarding 

available uncertainties in mega construction projects by studying the project's feasibility 

(Boateng 2014; Heralova 2014; Flynn et al. 1990; Gilbert et al. 2016; Guo & Sultan 2017). 

This can be based on the companyôs resources and capabilities to accurately estimate costs and 

time (Boateng 2014; Heralova 2014; Flynn et al. 1990; Gilbert et al. 2016; Guo & Sultan 2017).  
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Figure 2-8: Cost Modelling Equations from Eq.2-5 

to Eq.2-18 (Isaksson 2002). 
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Figure 2-9: Cost Modelling Equations from Eq.2-19 

to Eq.2-27 (Isaksson 2002). 
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However, feasibility studies are essential to cover uncertainties and risks for 

construction client and contracting companies; for example, the ñBIG DIGò tunnel project was 

estimated to cost 2.6 billion dollars and to finish in 2002 while it was completed with a cost of 

14.6 billion and finished on 2005 (Boateng 2014, p.20). According to Boateng (2014), it is 

required to have a very well structured risk management system plan to achieve a successful 

risk management practice; however, it is based on accurate cost and time feasibility studies to 

achieve end-users' desired requirements (i.e., Quality of work). Risk management studies 

started in the 1950s deriving too many methodologies to estimate uncertainties and assess and 

control them based on probability science (Kim & Reinschmidt 2011; Boateng 2014). 

However, these methodologies could not provide a way to measure them except in the latest 

studies when researchers started identifying, analyzing, assessing, controlling, and eliminating 

risks based on time and cost (Boateng 2014). So, Boateng (2014) research measured mega 

projects risks, including cost and time, as critical factors using system dynamics modelling 

tools and techniques. However, the budgeted cost and delivery time of mega-projects changes 

and varies over time and other changing variables (Boateng 2014; Abdallah 2007). His 

research aims to develop and build a risk assessment model to improve and enhance the process 

of making decisions in large construction projects; also, its purpose is to help the public and 

clients of a mega construction project to avoid delay and over cost by assessing risks which 

are leading to consuming more time and money (Boateng 2014). His model has been built 

through a combination of three models (i.e., ANP ñAnalytical-Network-Processò, Monte 

Carlo, and System Dynamics models) to cover several points such as the following (Boateng 

2014, p. 77): 
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1. Identifying ñSTEEP (i.e., Social, Technical, Economic, Ecological, and Political)ò 

problems of the large-scale construction projects to study the most significant risks on 

development processes. 

2. Analysing, modelling, and simulating all STEEP factors relationships and understand 

how they interact with each other. 

3. Check all available and possible solutions for assessing possible risks in such public 

megaprojects. 

4. Develop an approach to solving conflicts resulted from risks; or build methodologies 

to assess and minimise risks by appropriately controlling them if it is not possible to 

eliminate them. 

The methodology used in Boateng's (2014) research is to have a practical approach 

framework of checking the applicability of research outcomes; so, the developed model was 

based on an extensive literature review. The model has then been shaped and built using ANP, 

ANOVA, Monte Carlo, and SD tools (Boateng 2014). Then, the model was tested and validated 

before using it in the research applications. Finally, a case study was chosen carefully to 

represent the infrastructure megaprojects while providing valid and valuable data used by the 

developed model to finalize the results and conclusion (Boateng, 2014).  However, two main 

conditions had to be applied to the model. First, the STEEP characteristics and factors are not 

discrete or carrying discrete properties (Boateng 2014). Second, the variables and risk factors 

are not affected by any projectôs internal conditions and environment (Boateng 2014).  This 

will open the door for other researchers to use generated models and approaches on many other 

projects; nevertheless, Boateng (2014) contributes to the construction industry risk 

management body of knowledge (Boateng 2014). Therefore, project costs risk extracted from 
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literature and verified in systems dynamics modelling will be used in this research study cost 

estimation modelling.   

Next, Boateng's (2014) research methodology was based on several steps starting with 

mixing the Meta Theory methodological approaches, shown in Figure 2-10. The methodology 

will mainly be based on mixing Positivism, Post Positivism, and Interpretivism using 

qualitative methods with some quantitative methods to generalize outcomes resulting from 

researching a case study. However, in case of studies, results can be confirmed on a single 

countryôs projects, on a few countries' projects, or many countries' projects (Boateng 2014; 

Westbrook 1995; Yasin et al. 2015; Venkatesh, Brown & Bala 2013). Then, research 

methodology was used (i.e., ANP and SD) to model construction risks, interpret relationships 

and apply the model to real data of infrastructure mega construction projects to conclude with 

new original outputs to the body of knowledge shown in Figure 2-11 (Boateng 2014). 

Nevertheless, the framework resulting from ANP & SD approaches is based on having risk 

identification and assessment as risk study research core (Boateng 2014; Ozcan-Deniz & Zhu 

2016; Wang, Ding set al. 2016).   

  

Figure 2-10: The relationship between the Meta Theory choices with the 

other methodology, strategy, and research design (Boateng 2014). 
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All other factors are considered variables, including cost and time (Boateng 2014; 

Chapman 1998). So, research questions focused on how risk events affect transportation 

projects' delivery, how risk factors affect cost and time, and how risk can be modelled using 

SD and ANP approaches to set appropriate assessment (Boateng 2014). 

Next, the researcher introduced the ANP model and SD model building processes by 

identifying each STEEP element and risk factor through a detailed literature review and 

empirical studies (Boateng 2014). This identifies the best situation case study by having expert 

opinions and verifying available data of relevant available case studies; it also identifies 

modelôs feedback through survey questioners to check the significance of allocated risks and 

study their assessment shown in Figure 2-11 (Boateng 2014). However, Figure 2-12 shows 

how researchers set the bases of identifying possible and potential risks by studying 

environmental and technical risks, social and economic risks, and political risks concerning 

infrastructure mega construction projects (Boateng 2014).  

 

 

 

 

 

 

 

 Figure 2-11: The Proposed research Qualitative Framework for Building and 

developing the Risk Assessing Model (Boateng 2014). 
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Then, investigating possible impacts falling on time, cost, and quality are considered 

risks classification criteria of classifying risk into high and low levels (Boateng 2014; Hess et 

al. 2001; Hernández-Sancho & Sala-Garrido 2009; Hunter, Fitzgerald & Barlow 2014). Also, 

investigating possible impacts on time, cost, and quality helps set assessing priorities of each 

identified risk (Boateng 2014; Hess et al. 2001; Hernández-Sancho & Sala-Garrido 2009; 

Hunter, Fitzgerald & Barlow 2014). As a result, it was found that all identified risks related to 

time delay, cost overrun, of poor/low-quality drive to unnecessary extra costs which are 

considered significant for integrated systems dynamics risks model in the infrastructure mega 

construction projects (Boateng 2014; Hess et al. 2001; Hernández-Sancho & Sala-Garrido 

2009; Hunter, Fitzgerald & Barlow 2014). Therefore, investigating cost, time, and quality 

factors and risks in residential projects is mandatory for this research study to end with more 

Figure 2-12: The ANP Model building and integrating 

process (Boateng 2014). 
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accurate, valid, and significant outputs. This research study will also work on group and 

classify risks and factors based on valid criteria to have a more accurate cost estimation systems 

dynamics model.     

Next, the ANP model is aimed to be feed into the SD model at the model and 

development integrating stage; however, both ANP and SD models are using separate data sets 

from the chosen case study and then merged to gather to form Risk Assessment Model for 

Mega Infrastructure Construction Projects (Boateng 2014).  Therefore, this research study will 

conduct a clear, detailed mapping using separate cost risks to create accurate system dynamics 

sub-models to end with a valid Systems Dynamics Approach for Whole Life Cycle Cost 

Modelling of Residential Buildings Projects in UAE.   

After that, researchers have introduced the risks system dynamics modelôs elements 

focusing on three main components, as shown in Figure 2-13. First, reinforcing loops are the 

relationships between variables and each other in a dynamical behaviour (Boateng 2014). 

Second, balancing loop error actions (i.e., the desired value for each variable to satisfy criteria) 

included integrating an accurate, realistic risk assessment process model (Boateng 2014). 

 

 

 

 

 

 

 

 

 

 Figure 2-13: Elements and components of how to build system dynamics model (Boateng 2014). 
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Third, balancing loop delay elements resulted from actions maintaining project 

progress within a time framework, desired quality, and budgeted cost (Boateng 2014). 

However, this will be translated into cost overrun (i.e., the main factor of projectsô failure) 

(Boateng 2014).  As a result, it is imperative to conduct cost estimation modelling research to 

enhance costs' prediction accuracy and avoid overrun. Simultaneously, researchers have 

considered that the real case study model will be very complex and include too many 

components, having very high dynamical variables in each model component (Boateng 2014; 

Barratt, Choi & Li 2011; Easton 2010; Voss, Tsikriktsis & Frohlich 2002). This is including 

several processes of feedbacks that can be multiple or single at each stage and including 

nonlinear characteristics of soft and hard data in the utilized case study (Boateng 2014).  

However, it proves that the dynamical mathematical relationship can be nonlinear in costs and 

risk modelling, which will be considered in this research study. As a result, in Figure 2-14, the 

final SD model shows all dynamical components with their interaction with each other after 

feeding results of ANP and verifying it in a simulated model of risk assessment (Boateng 2014).   

 

 

 

 

 

 

 

 

 

 

 Figure 2-14: The final simulated system dynamics model used for assessing 

risks in mega infrastructure construction projects (Boateng 2014). 
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In the end, the developed model ñMegaDSò has identified the risks, level, priorities, 

and assessment propositions of the entire project life cycle; however, it reached results and 

concluded that risks and their factors are required to be handled carefully and equally (Boateng 

2014, p.334).  All risks are connected, and the effect of any failure in dealing with risk will 

generate other risks (Boateng 2014).  This may lead to a failure to handle quality, cost, and 

time properly (Boateng 2014).  Therefore, this research study will be carefully handled, and 

mapping collected costs risks ending with accurate estimated cost using systems dynamics. 

Also, the developer and clients of mega construction projects are required to enhance their 

capability to understand the contractorôs actions (Boateng 2014).  This is mainly based on 

reducing costs and maximizing profitability by assessing risk factors to successfully deliver 

public products (Boateng 2014). One of the advantages of the integrated model is that it can 

predict a construction project's performance based on its risk availability and assessment, 

which will be included in this research study via cost s-curve performance (Boateng 2014). 

Hence it gives the ability to see project projection in the next stages to make a good decision 

using the developed system dynamics model (Boateng 2014).  

As a result, the latest research regarding risk events for optimizing money value in 

projects has been conducted related to the large-scale projects in the Kingdom of Saudi Arabia 

construction industry (Alzahrani 2015). It is based on having the optimum value of money in 

construction projects by modelling risk events, factors, and variables with their construction 

risk cost interrelation to study risk estimation effectiveness and cost resulting from construction 

projectsô life cycle risk events.  

On the other hand, it was proved that performance risks and their indicators have strong 

relationships with stakeholders and activities related to costs and budget (Takim & Akintoye 

2002).  It is changing for each of them through project operationsô time and processes, which 
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require being modelled and analysed in a dynamical approach to delivering a successful project 

(Takim & Akintoye 2002). Also, even when system dynamics can improve cost analysis related 

to risks, it is necessary to consider Monte Carlo techniques to reach more reliable and précised 

values and results (Koul et al. 2016; Vanbrabant, Schoot & Rosseel 2015; Ioannou, Angus & 

Brennan 2017; Bagnara et al. 2018). However, besides Monte Carlo techniques for analysing 

risks, the cost-benefit method is considered valuable for some researchers to analyse costs and 

budgets related to risks (Feuillette et al. 2016). Therefore, the causal relationship in the system 

dynamics model is the main criterion for getting relevant results based on logical and valid 

assumptions and input (Park et al. 2012). This is very important to make and make a decision 

because it depends solely on the relationships between estimated costs and identified risks 

covered by cost-effectiveness investigation at the pre-construction stage; however, the system 

dynamics approach can optimize these variablesô relationships accurately (Sher & Punglia 

2014). Therefore, systems dynamics will be used in this research study to model cost estimation 

based on changing risks. Nevertheless, most of the concerned risks causing over costs are based 

on expected performance issues (Shen, Nguyen & Ojiako 2013). This is due to the 

characteristics of performance and progress in the construction industry that include cost 

running during on hold progress and zero performance; however, researchers tried to control 

this issue by modelling the expected performance based on expected inputs in each stage of 

construction execution (Shen, Nguyen & Ojiako 2013). This makes performance variables 

extremely valuable to dynamical cost modelling of this study to deliver the actual view of the 

real costs to make appropriate decisions.  

In summary, risk analysis and investigations related to cost and budget modelling have 

shown that the best way to get reliable results is to use the system dynamics approach. 

However, it is proved by evidence that construction risks at the tendering stage from 
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procurement perspective due to ineffective identification of costs sources making it varying 

after setting estimated budgets (Elhag, Boussabaine & Ballal 2005). Thus, previous research 

evident that costs contingency must be handled and managed effectively to increase the 

probability of projectsô success (Kujawski 2007). Moreover, time series modelling of costs 

forecasting was used to predict CCI ñConstruction Costs indicesò to cover risks of plans, bids, 

and costs as a method substituting system dynamics (Shahandashti & Ashuri 2013, p.1241).  

Nevertheless, it did not achieve the desired results level because of difficulties in choosing an 

appropriate ñmultivariate time series modelò to analyse the projectôs capital (Shahandashti & 

Ashuri 2013, p.1241). Therefore, CCI risk will be included in this research study. After that, 

BIM helped in a wide range to identify many risks and clashes at the pre-construction stage 

(Jrade & Lessard 2015). The disadvantage is that it does not cover all dimensions and cannot 

customize the required dimensions as required (Jrade & Lessard 2015). This can be done in the 

system dynamics modelling of this research study. Also, risk identification and assessment is 

based on time frames and vary between periods due to the stakeholdersô conflict (Doloi 2011; 

Mills 2001). This makes it difficult to track and understand risks that change costs (Doloi 2011; 

Mills 2001). These factors are essential to analyze and classify with weightage according to its 

impact qualitatively and quantitatively to accurately describe financial models and get accurate 

estimated outputs (James 2014; Vanhoucke 2012). However, system dynamics approaches are 

required to monitor costs based on updating changes on the integrated cost model of most 

construction firms. These updates happened or will happen in the short- term future using tools 

such as primavera to find out the earned value through mathematical equations (Salling & 

Leleur 2015; Hunter, Fitzgerald & Barlow 2014). Finally, risk factors will be modelled in this 

research study using a system dynamics approach to overcome all challenges mentioned in 

previous research related to cost estimation and modelling. 
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2.4 Projects Cost Estimation Modelling Literature Review  

 

More than 90% of finished and completed projects ended with a tolerance between 

±10%, while less than 80% have tolerance of ±5% of estimated costs after studying more than 

1500 projects in the United Kingdom (Ahiaga-Dagbui & Smith 2014). However, in the early 

nineties, research has proved that the using system dynamics role gained more value than any 

other approach or technique in the project management field due to its efficiency in obtaining 

accurate decision-making results (Bowers 1996). This is because of system dynamics accuracy 

in allocating each model part and its cost (Lindemann & Jahnke 2017). Also, system dynamics 

shows costs position in the industrial chain to understand its impact on projects profitability 

and processes (Lindemann & Jahnke 2017). After that, components parts choice of required 

products or its process during projectsô life cycle is a significant criterion for deciding whether 

cost-efficiency meets the required level. So, estimated costs are necessary for decision-making 

based on system dynamics modelling and simulation (Rahman et al. 2012; Cople & Brick 

2010). Nowadays, the demand for developing cost estimation models became higher to reach 

better and effective results because projects are more expensive, complicated, and urgent to 

end-users than before (Ahiaga-Dagbui & Smith 2013).  However, due to optimizing project 

costs, the performance and quality will be improved, considering cost as one of the most core 

factors of deciding project success and failure after the construction stage (Ahiaga-Dagbui & 

Smith 2012). One of the critical and significant approaches is controlling costs through 

managing the projectôs earned value (Acebes et al. 2013). This is done by drawing and initiating 

a framework of managing schedules, risks, and integrated costs during buildings construction 

using Monte Carlo Simulation techniques (Acebes et al. 2013). For example, the cost control 

index will monitor costs and schedules during execution stages and keep them under control 

(Acebes et al. 2013). This will avoid being out of control related to projects cash flow (Acebes 
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et al. 2013). It is then proposed to control and optimise cost prediction by optimizing the work 

and activities scheduled from initiation until the end of projects using the Neural approach 

dynamically approach in an integrated general mathematical equations and calculations model 

(Adeli & Karim 1997). However, this can be through using linear planning and scheduling 

methods while connecting them with cost to monitor and control it after setting and approving 

budgets (Adeli & Karim 1997). Therefore, works and activities changing risks will be included 

in this research study's final model. On the other hand, it was suggested by another researcher 

to optimize construction costs by applying the ñNeural Dynamics Modelò at the design stage 

to minimizing construction costs before starting its execution (Adeli & Karim 1997, p.450).  

The cost will be minimal by calculating construction materials and components' costs at the 

design stage (Adeli & Karim 1997). This does not cover cost variables and cannot give the best 

estimation to avoid overrun (Adeli & Karim 1997). Next, cost analysis and control in 

infrastructure projects such as road projects require cost modelling for determining projectsô 

benefits to clients, contractors, and other stakeholders (Adey et al. 2012). This can be done 

accordingly by integrating the project cost model at the pre-construction stage, including its 

operational cost (Adey et al. 2012). After that, if the construction industry is treated as the 

manufacturing industry, some researchers proposed that the best way to model value streams 

and predict cost is by developing a cost estimation model by utilizing multi-product approaches 

and methodologies (Agyapong-Kodua et al. 2012). However, construction activities produce 

several products to act and work as one unit representing the project's final product (Agyapong-

Kodua et al. 2012). In 2013, conducted research led to fuzzy modelling using a neural approach 

for optimizing final estimated results of infrastructure cost at the pre-construction stage 

(Ahiaga-Dagbui et al. 2013; Adeli & Kim 2001). This will help significantly manage financial 

flows during the execution stage at the project managers' level from the clientôs perspectives 
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(Ahiaga-Dagbui et al. 2013). This ñArtificial Neural Networkò is developed through the 

historical database of 1600 previous projects showing 92% validity and  ±5 % final predicted 

cost accuracy (Ahiaga-Dagbui & Smith 2014, p.39). So, by proving its efficiency in forecasting 

the water infrastructural construction costs at the pre-construction stage (Ahiaga-Dagbui & 

Smith 2014). It is also proved in published literature reviews that the main constraints affecting 

quality and progress speed are costs and time (Ahiaga-Dagbui & Smith 2014). This is deciding 

the ability and probability of having a highly effective final functional project (Ahiaga-Dagbui 

& Smith 2014). From a project management perspective, cost modelling can be improved by 

optimizing other engineering components with minimum cost and the highest efficiency 

(Ahmed & Avetisyan 2016). However, it is not a method of modelling construction cost, and 

it can be considered one of its factors, which is how this research will deal with it (Ahmed & 

Avetisyan 2016). From the early nineties, the integration of accurate systems to provide the 

best cost models in the construction industry became one of the most important project 

management priorities (Burns et al. 1993).  This is deciding the efficiency of managing 

construction projects effectively (Burns et al. 1993). So, the invention of the ñConstruction 

Cost Management and Analysis Systemò was made by the United States of America's military 

to optimize the consumed amount of money in its construction projects (Burns et al. 1993, 

p.33). Therefore, this research study will investigate building a more accurate model using a 

system dynamics approach to include the construction stage as a part of the project's whole life 

cycle estimated costs.  However, according to other researchers, quality is a cost phenomenon, 

reflecting time-effective management in projects (Atkinson 1999).  In other words, the time 

delay can cause more cost and funding problems can cause time delay to proves that the project 

management golden triangle elements are connecting each other significantly, and optimizing 

cost models will enhance project management efficiency and success (Atkinson 1999).  
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Researchers concluded that cost estimation plays a significant role in any investment decision-

making, especially when it is related to long-term investments (Donovan & Corbishley 2016). 

It is based on the cost of capital prediction and estimation through detailed calculations of 

invested projectsô capital IRR ñInternal Rate of Returnò, NPV ñNet Present Valueò, and PBP 

ñPay Back Periodò before making and taking decisions (Donovan & Corbishley 2016, p.3). 

This is important in Public-Private Partnership such as infrastructure and other public projects, 

which put into consideration time and value of money in both private and public sectors to 

reach targeted 2030sustainable developments and agenda (Assad et al. 2007; Dubai-

Government 2016; KSA-Government 2016; Abu Dhabi-Government, 2016a, 2016b, 2016c, 

2016d, 2016e, 2016f). Moreover, green building direction from design to execution stages has 

been mandatory in many countries in the Middle East and Arabian countries such as Egypt, 

Kingdom of Saudi Arabia, and the United Arab Emirates (Assad et al. 2007; Dubai-

Government 2016; KSA-Government 2016; Abu Dhabi-Government, 2016a, 2016b, 2016c, 

2016d, 2016e, 2016f). After that, sustainability costs increased significantly due to the huge 

demand for applying it on all future development projects (Anderson et al. 2015; Becchio et al. 

2016; Battistoni et al. 2016). It had to be analysed and investigated using several methods and 

approaches to prove that cost-benefit analysis is incompatible and require different methods to 

replace it (Anderson et al. 2015; Becchio et al. 2016; Battistoni et al. 2016). This is due to the 

great number of debates that show opposite results proved by evidence; however, it is useful 

and efficient in analysing and estimating infrastructure projects' cost (Anderson et al. 2015; 

Becchio et al. 2016; Battistoni et al. 2016).  Construction sustainability proved that it presents 

a large cost percentage making researchers focus on dividing it into several components 

(Ashrafian et al. 2016). This concluded that energy is the highest cost in a projectôs whole life 

cycle, starting with execution and continue through its operation after delivering it to the end-
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users (Ashrafian et al. 2016). Therefore, in this research, energy risks will be included in the 

cost estimation system dynamics model. Previous research proved that cost liner programming 

interrelates with project time and quality and can optimize resource allocation to avoid cost 

overrun by satisfying budget, targeted quality, and planned time frame (Babu & Suresh 1996). 

It can be done using Monte Carlo Simulation wand add more processes such as probabilistic 

hypothesis (i.e., based on the likelihood of uncertain events or risks regarding estimated 

elements) and deterministic (i.e., based on certain valid information about estimated elements) 

(Chou 2011; Cassettari et al. 2016). Cost estimation modelling processes need to be based on 

past deterministic information and present facts to estimate risks and uncertaintiesô 

probabilistic predictable facts (Chou 2011). On the other hand, uncertainties should take into 

consideration the dynamical shape of cost variable, which can be handled by CPM-Critical 

Path Method, CBT-Cost-Benefit Analysis and PERT-Program Evaluation and Review 

Technique analysing tool (Alzraiee et al. 2015; Attoh-Okine 2002; Cheng 2014; Belay et al. 

2016). This will build an accurate, effective system dynamics model of future prediction 

(Alzraiee et al. 2015; Attoh-Okine 2002; Cheng 2014; Belay et al. 2016). However, factors 

related to contracts, design, external, economic, market conditions, and governments are 

studied and ranked based on relative importance index (RII) concerning construction 

performance, risks, and cost management (Bari et al. 2012; Gunaydēn & Dogan 2004; Broeke 

et al. 2017). Then, common factors are analysed to study the relationship between cost and 

other project management areas, while containing the impacts of construction project 

management areas on cost estimation results (Bari et al. 2012; Gunaydēn & Dogan 2004; 

Broeke et al. 2017). Therefore, those verified factors will be included in this research study 

model, and further investigation shall be done covering a wider literature review in chapter 3 

before finalizing the model risks and factors. 
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In order to analyse factors and their impact on cost, researchers reached to several 

effective techniques for monitoring and controlling construction costs at execution stages such 

as ñVariances Methodò, ñLeading Parametersò, and ñActivity-Based Ratiosò (Al-Jibouri 2003, 

p.145). This is providing accurate checks and analyses through the projectôs implementation 

data (Vanhoucke 2012). It can also analyse and check applications of factors impacting costs 

for a more accurate conclusion about each factor's impact weightage on construction cost using 

actual, empirical, and assumed data (Vanhoucke 2012). Therefore, this research study shall use 

actual, empirical, and justified assumptions to end with a more accurate cost estimation model. 

Most of the cost control and monitoring studies have been conducted on construction projects 

from a contractor's perspective. This is because the contractor signed and agreed on planned 

budgets from tendering stage (Benjaoran 2009). Also, the reason is that contractors carry a 

larger amount of financial and success risks than the client (Benjaoran 2009). Nevertheless, the 

client is also carrying a huge risk because if contractors did not manage costs and risks 

appropriately, the project would have more possibility of failing and losing all invested money 

(Benjaoran 2009). Also, as a result of cost monitoring and control from a contractor 

perspective, the concept of value engineering started to be an interesting research point for 

contractors to save money and to compensate loss or maximizing profit (Berg et al. 2006).  This 

method focuses on redesigning expensive elements after studying the cost of designed elements 

and their requirements for execution to optimize functionality results and minimize costs (Berg 

et al. 2006). However, in 1986, construction costs were optimized using the ñdecomposition 

techniqueò (Ong & Ong 1986, p.979). This was done by estimating function constants used in 

construction and build cost estimating models using the algorithm and computational 

techniques (Ong & Ong 1986). Then, with time passing from 1989 to 2016, mathematical 

approaches were developed through research to optimize project cost estimation using 
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probability techniques and methods (Signor et al. 2016). Therefore, mathematical modelling in 

this research study is mandatory for accurate estimated results.  

Researchers have also covered cost modelling of construction industries using artificial 

approaches (Ahiaga-Dagbui 2014; Petroutsatou & Lambropoulos 2010; Alshamrani 2017; 

Stasiak-Betlejewska & Potkány 2015; Jin et al. 2012). This approach showed that it could reach 

about 92% accuracy of estimated costs and validity reached to ±10% of the final construction 

projectôs actual cost (Ahiaga-Dagbui 2014; Alshamrani 2017; Jin et al. 2012; Elhag, 

Boussabaine & Ballal 2005). Using ñArtificial Neural Networksò (ANN) model for predicting 

construction cost showed high estimation accuracy at the pre-construction stage; however, 

using artificial models made a significant contribution in construction project management 

body of knowledge by proposing to change the term ñCosts Overrunò to ñCost Growthò 

(Ahiaga-Dagbui 2014, pp.36-105). This is due to the truth discovered from cost modelling and 

facts interpretations in the construction industry during its execution (Ahiaga-Dagbui 2014). 

That truth is based on predicting costs based on several variables that will behave in a certain 

way as expected (Ahiaga-Dagbui 2014). However, the reality analysis can exclude or add more 

variables behaving differently from the modelled expected behaviour (Ahiaga-Dagbui 2014). 

The second significant contribution is adding artificial models as a new approach for cost 

estimation processes and practices (Ahiaga-Dagbui 2014). Nevertheless, the 2014 research 

found that one of ten projects are executed within the estimated budget; on the other hand, nine 

of ten projects are overrunning costs beyond planned budgets (Ahiaga-Dagbui 2014; Gardiner 

& Stewart 2000; Bauer et al. 2017). For example, infrastructure projects showed about 86% of 

costs overrun at execution stages of projects (Ahiaga-Dagbui 2014). However, these overruns 

in projects include three categories. First, rail projects cost exceeding budget by approximately 

45%; second, tunnels and bridges projects costs exceeding budget by approximately 34%; 
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third, roads projects costs exceeding budget by about 20% (Ahiaga-Dagbui 2014). Besides, 

researchers studied 258 transportation projects and concluded that most inaccurate estimates 

are because of contractorsô underestimation (Flyvbjerg, Holm & Buhl 2002). This 

underestimation has been investigated and found it to be based on political, economic, 

technical, and psychological challenges (Flyvbjerg, Holm & Buhl 2002; Flyvbjerg 2005). 

Researchers proved that underestimates are not errors and preferred justifying it because of 

ñstrategic misrepresentationò (Flyvbjerg, Holm & Buhl 2002, p.279). Research had five major 

facts that cost estimators should know about the cost overrun (Flyvbjerg et al. 2018). First, it 

is important to measure accurately project cost overrun. Second, data collection should be valid 

and reliable. Third, understand that cost overrun is not normally distributed, but it is fat-tailed; 

finally, the fourth and fifth facts are overrun bias behaviour and cost estimating de-biasing, 

respectively (Flyvbjerg et al. 2018). Researchers concluded that the actual cost could fall 

between 170% to 183% of project estimated costs at the pre-construction stage, while cost 

forecast can be inaccurate to represent 20% to 60% of actual costs (Ahiaga-Dagbui 2014; 

Skamris & Flyvbjerg 1996). Therefore, researchers agreed on that projects large projects have 

few studies and still have a problem in cost estimation results, but they disagree on how much 

percentage is costs overrun budget (Ahiaga-Dagbui 2014; Gardiner & Stewart 2000; Bauer et 

al. 2017; Skamris & Flyvbjerg 1996; Abdul-Rahman et al. 2012; Aljohani, Ahiaga-Dagbui & 

Moore 2017; Flyvbjerg 2005; Flyvbjerg et al. 2018; Flyvbjerg, Holm & Buhl 2002). Hence, 

this research study will consider all mentioned cost risks and investigate systems dynamics 

modelling to check its ability to estimate projects' full life cycle costs. As a result, it has been 

concluded over years that the chance of having more valid and accurate cost models is always 

available (Ahiaga-Dagbui 2014; Gardiner & Stewart 2000; Bauer et al. 2017; Skamris & 

Flyvbjerg 1996; Abdul-Rahman et al. 2012; Aljohani, Ahiaga-Dagbui & Moore 2017; 
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Flyvbjerg 2005; Flyvbjerg et al. 2018; Flyvbjerg, Holm & Buhl 2002). This continuous 

development and improvement of the existing cost models to achieve significant progress in 

different fields serve operation management and cost estimation purposes. For example, 

engineering software programs such as CAD and BIM can visualise and simulate construction 

elements, components, and requirements, providing better cost prediction ability (Ahiaga-

Dagbui 2014; Klassen & Jacobs 2001; Wacker 1998; Mallasi & Dawood 2000). IT software 

developers focused on having more accurate costs estimation systems compared to final 

projects actual cost after execution (Ahiaga-Dagbui 2014; Reina et al. 2016; Maylor et al. 2006; 

Nematchoua & Orosa 2016; Forza 1995; Lundesgaard et al. 2007; Woodward et al. 2017; Eid, 

Moghrabi & Eldin 1997). Therefore, this research will consider software programs such as 

SPSS and VENSIM to deliver more accurate cost estimates. Nevertheless, researchers' 

developed cost models in the construction industry field included fuzzy logic, Monte-Carlo 

simulation, feature-based simulation, and generic algorithms (Ahiaga-Dagbui 2014). It was a 

chance in 2014 to release the artificial cost model based on infrastructure pre-construction 

stages networks from the clientôs perspective (Ahiaga-Dagbui 2014). The artificial cost 

estimating model is developed through the following stages: 

1- Identify the needs and demands of having an accurate predicted total cost for different 

project stakeholders such as designers, financiers, project operators, project contractors, 

clients, and developers (Ahiaga-Dagbui 2014).  

2- Building a cost estimation model based on historical prices, budgets, and costs of 

previously executed projects, including details required for executing construction 

projects, will provide a reliable model and results at the pre-construction stage (Ahiaga-

Dagbui 2014). 
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3- Finally, initiate the model conceptualization using some of the qualitative approaches 

and then complete designing, establishing, implementing, and validating the model 

using the quantitative methods. However, quantitative techniques are the main 

approaches to reach a successful final ñArtificial Neural Networksò (ANN) model 

(Ahiaga-Dagbui 2014, p.36). 

Therefore, all identified and validated needs and requirements will be included in the 

final cost model after obtaining their risk of changing this research costs. This research will 

then complete modelling the residential project's whole life cycle cost using system dynamics 

mapping/diagram and pure mathematical equation modelling system. Cashflow estimation of 

projects' whole life cycle will be modelled along with the final estimated cost value. 

However, the ñArtificial Neural Networksò (ANN) model is based on identifying the 

over cost reasons in construction projects; for example, Ahiaga-Dagbui (2014, p.36) found that 

projects execution cost overrun is due to its time frame (i.e., long or short), complexity 

dynamics (i.e., simple or complex), risk management, optimism bias, corruption, 

rework/wastes (i.e., quality issues), and scope of work. This is causing over cost in both 

building and infrastructure projects (Ahiaga-Dagbui 2014). Also, it was found that cost overrun 

in construction projects are systematically due to under-estimates of the public sectorôs 

requirements intentionally to get the best contract of each project; so, it leaded researchers to 

set the equation of successful cost estimating process in public sectorsô infrastructure as shown 

in Eq. 2-28 (Ahiaga-Dagbui 2014). 

 

 

 

 

Eq. 2-28: is extracted from the conducted research in the field of construction cost 

modelling and represent a successful cost estimation equation to provide funding for 

public infrastructure projects (Ahiaga-Dagbui 2014). 
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This equation (i.e., Eq. 2-28) is concluded because of the strategic misrepresentation of 

possible challenges that may occur in the projectôs execution stage and lead to underestimating 

costs (Ahiaga-Dagbui 2014; Flyvbjerg et al. 2018). The optimism bias leads to over benefits 

estimation and overlooking projectôs uncertainties, while some estimating results are 

conducted by non-construction practitioners (Ahiaga-Dagbui 2014; Flyvbjerg et al. 2018). 

Consequently, the surprising unplanned and unbudgeted costs will most probably lead to a 

significant construction infrastructure project failure (Ahiaga-Dagbui 2014). 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-15 shows three main phases of project cost modelling evolution, its financial 

position, and status (Ahiaga-Dagbui 2014). The first phase is keeping costs as low as possible 

by not including too many construction details, avoid scope changing, avoid theory prospect, 

avoid strategic misrepresentation, avoid risks, and avoid optimism bias for getting financial 

and funding approval for the project (Ahiaga-Dagbui 2014; Ahiaga-Dagbui & Smith 2014; 

Tokede et al. 2014). The second phase is about making more details for skipped items in phase 

one to define and set a reasonable budget for the project (Ahiaga-Dagbui 2014; Ahiaga-Dagbui 

Figure 2-15: The conceptual model of how to understand construction cost variables 

and phases prior modelling its costs (Ahiaga-Dagbui 2014). 



 

Page 76 
 

& Smith 2014; Tokede et al. 2014). If detailed factors were not covered efficiently, then the 

project will be underestimated and experience cost overrun (Ahiaga-Dagbui 2014; Ahiaga-

Dagbui & Smith 2014; Tokede et al. 2014). The last phase of the ANN conceptual cost model 

is considering appeared changes in the ground, technical, managerial, material prices, errors, 

and other factors in the construction stage to show the variation between planned budget and 

required amount of money to cover costs (Ahiaga-Dagbui 2014; Ahiaga-Dagbui & Smith 2014; 

Tokede et al. 2014). Hence, cost overrun starts to appear significantly when actual total costs 

exceed the planned budget, while total planned progress is higher than actual progress (Ahiaga-

Dagbui 2014; Ahiaga-Dagbui & Smith 2014; Tokede et al. 2014). Thus, system dynamics cost 

modelling in this research will be divided into several phases as required to end with more 

accurate results. 

 

 

 

 

 

 

 

In Figure 2-16, the structure of the Neural Network is based on having three 

components. First, the input layer (Xn, where ñn=1, 2, 3é etc.ò); second, the hidden layer (Wn, 

Y, and Vn where ñn=1, 2, 3é etc.ò); third, the output layer (Zn, where ñn=1, 2, 3é etc.ò) 

(Ahiaga-Dagbui 2014, pp.46-88). However, the input layer is the quantitative data that feeds 

the numerical model requirements; then, hidden data is the computational and mathematical 

equations set to analyse data for producing accurate outputs in the last layer using cost 

Figure 2-16: showing the basic structure of Neural 

Network Architecture used for modelling cost in ANN 

final model (Ahiaga-Dagbui 2014). 
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weightage and sensitivity (Ahiaga-Dagbui 2014). Nevertheless, if the model performance 

requires improvement, then the hidden layer shall be increased and developed to meet 

estimation results requirements (Ahiaga-Dagbui 2014). Finally, the third layer calculates input 

results using weighted functions to generate accurate outputs (Ahiaga-Dagbui 2014). 

Therefore, this research first layer will be the graphically mapped stock and flow dynamical 

relationship. Furthermore, this research hidden layer will be cost modelling mathematical 

equations to build accurate system dynamics cost model for residential projects whole life 

cycle.  

 

 

 

 

 

 

 

 

 

Next, in Figure 2-17, it is clear that applying estimation analysis in the model to reach 

satisfactory targets and results is shown using the inputs layer (Xn), weightage hidden layer 

(Wn), modelling functions, simulated results, and testing / validating results (Ahiaga-Dagbui 

2014). However, if results are not satisfactory, then the process must be repeated starting from 

the hidden layer stage to adjust each variable input number and weightage as per its impact and 

sensitivity on the projectôs cost for acceptable results (Ahiaga-Dagbui 2014).  

  

Figure 2-17: Showing how to reach the satisfactory targeted performance of the 

predicted construction project cost in ANN model (Ahiaga-Dagbui 2014). 
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The required performance in the ANN model, as shown in Figure 2-16, can be calculated 

in percentage using Equation 2-29 based on comparing actual and predicted final cost (Ahiaga-

Dagbui 2014). Therefore, this research will measure system dynamics cost modelling 

performance for improving the final model and obtain more accurate results.   

In private-public partnership studies, risks during the projectôs lifecycle have been 

investigated to achieve higher infrastructure NPV (Jang 2011). This is due to researchôs 

agreement that risk and uncertainty are higher in large complex projects causing 

underestimation (Jang 2011; Florio, Forte & Sirtori 2016; Chapman 1998; Flyvbjerg 2005; 

Nguyen, Ogunlana & Lan 2004). For example, life cycle operationsô dynamics complexity 

causes high and independent risks in large construction projects (Jang 201; Tsang 2014; 

Alvarez-García et al. 2017; Lambert, Emmelhainz & Gardner 1996; Yoon, Kim & Sohn 2008). 

Researchers also agreed that large infrastructure projects, including building, operating, and 

transfer stages, have risks interact with each other (Jang 2011; Tareghian & Taheri 2006; 

García et al. 2016). This is based on the nonlinear relationship of those risks and cost change 

(Jang 2011; Tareghian & Taheri 2006; Garc²a et al. 2016). Risk change during projectôs life 

cycle and researchers proposed system dynamics analysis approaches and methods to study, 

analyse, and understand how to optimize the project benefits, outcomes, profit, and cost (Jang 

2011; Tareghian & Taheri 2006; García et al. 2016; Easton 2010; Carlile & Christensen 2005). 

The decision was made to consider the system dynamics approach to study more accurate 

approaches for uncertainties and risks (Jang 2011; Shen et al. 2007). As a result, the research 

Equation 2-29: ANN model performance equation in percentage (Ahiaga-Dagbui 2014). 
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found that time and net present value are the most critical research interest in the project life 

cycle to investigate change over the projectôs execution time. Thus, this research will model 

costs based on time and risk change for residential project's whole life cycle.  

Previous research presented that around one per cent of world GDP is required to be 

invested in infrastructure projects while maintaining these projects will consume around 1.2 

per cent of world GDP (Jang 2011; Todorov 2014; Al-Hamadi 2020; Stasiak-Betlejewska & 

Potkány 2015). This will require a total of 2.2 % of world GDP to build and operate 

infrastructure projects worldwide from 2005 to 2010 (Jang 2011; Todorov 2014; Al-Hamadi 

2020; Stasiak-Betlejewska & Potkány 2015). This provided significance and importance of 

risks and time research areas, especially after releasing the world bank reports identifying risks 

and time as necessary in the 1994 - 2002 road map conclusion (Jang 2011). However, studies 

in this ocean size field proved that a longer project executing period would cause an 

exceptionally low net present value and a considerable loss in societiesô assets and needs (Jang 

2011). Finally, the NPV system dynamics model has five main characteristics controlling risks 

and uncertainties in choosing contractors for large construction projects based on time and cost 

modelling, according to Steve Jang (2011) as the following:  

1- First, projects lifetime: Project long life of an infrastructure project will have a big 

impact on build operate and transfer projects based on PPP criteria. So, if the project 

lifetime is larger, the benefit delivered to society will be higher. 

2- Second, risk and supply chain heterogeneity: The combination of contributing fields in 

any large infrastructure project is totally different from each other and essential. This is 

because it is critically defining the last product outcome; however, those interacting 

fields include systems, civil, electrical, and mechanical engineering. It is required to 

add tracking and maintenance systems because it will need several stationsô 
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construction. Risk heterogeneity in design to construction and operation stages will 

include economic, financial, organizational, technological, contractual management, 

environmental, and political agents to have a heterogeneity nonlinearly connected risk 

system impacting the projectôs NPV. 

3- Private financing: to have successful infrastructure developments, it is critical to ensure 

enough project WLC starting from design, construction, and operation stages.  

4- Risk allocation and sharing prior assessing: from agreements and contracts between 

private and public sectors, risk start to appear and be more critical during the project 

lifecycle. This is due to more cost and time caused by conflicts between stakeholders, 

as shown in figure 2-18.  

5- SPV (Special Purpose Vehicle): the mechanism of financing before designing and 

constructing a build-operate-transfer project must provide the best result of investing 

quality, time, and money in the product of built environment projects. On the other 

hand, it is handled aggressively by other projectsô stakeholders.    

 

 

 

 

 

 

 

 

  

Figure 2-18: The summarizing chart of researchers focus area as per Steveôs literature review to find 

researching gap (Jang 2011).  
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Therefore, this research study will investigate the heterogeneity of cost risks and their 

interaction with residential projects' whole life cycle time; besides, the system dynamics 

approach will be used for more accurate results.  

After that, research in the construction system dynamics field did not cover all 

perceptions and answers to possible questions (Jang 2011; Mawdesley & Al-Jibouri 2009; 

Reichelt & Lyneis 1999; Schell, Claro & Guikema 2017; Bertrand & Fransoo 2002; Doan & 

Chinda 2016; Lindemann & Jahnke 2017; Ibanez-Lopez, Martinez-Val & Moratill a-Soria 

2017). Jang's (2011) research purpose is based on developing a theoretical approach to solving 

public sector projects contractor selection processôs real problems to create more value of 

money. Modelling projectôs net present value completes this based on time and risks 

influencing final NPV (Jang 2011). Public sector projects time overrun negatively impacts the 

net present value and is considered unnecessary over cost (Jang 2011). However, NPV 

modelling required the following stages to achieve more accurate PPP projects contractor 

selection (Jang 2011): 

1- First, build- operate- transfer project require to link between contractorsô selection and 

risk analysis. This will have the feature of increasing the risk level for all related project 

parties. Those commitments and assumptions need a new approach to risk analysis, 

such as system dynamics modelling. 

2- Second, system dynamics is enhancing the capability to handle real-life structured, 

unstructured, or semi-structured problems. For instance, mega infrastructure projects 

have many critical uncertainties because of finance, economy, technology, contract 

management, politics, organization, regulation, and many other variables. These 

variables exist in real-world problems and represent structured and unstructured 

problems. NPV modelling included the projectôs non-financial risks, qualitative risks, 
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and unstructured risks. For instance, the contractual negotiation automated model 

ignored non-financial risks and their impact on large projects.  The projectôs cash flow 

and funding investigation management system did not include non-financial risks to 

analyse cost and NPV. Finally, existing cost analysis models were found not able to 

quantify non-cash terms. 

3- Third, NPV modelling required addressing dynamics and interactions independently of 

nonlinear risks. For instance, risks are nonlinear in a large scale projectôs long life cycle, 

and their relationships are independent. The United States, the United Kingdom, and 

Australian governments considered decision-making based on independent factors. 

This is ignoring the correlation and relationship between contributing variables and 

impact negatively on risk estimates. 

4- Fourth, NPV risk modelling considered outcomesô uncertainty to show the significant 

variation between project planned and actual results. It is imperative to make estimates 

based on the estimation range rather than having a single estimate. 

5- Fifth, the NPV risk model includes all project life cycle elements. Existing 

methodologies used in selecting contractors to execute projects are based on cost, 

quality, and time risks. It excludes operational and design risks, which is not enough to 

make a final decision regarding project lifetime performance. 

Therefore, adding all excluded risks from existing cost and risk models will increase this 

research accuracy after using cost modelling non-linear system dynamics relationships of 

residential building projectsô whole life cycle. 

After that, the NPV contractor selection model analysed risk relation interaction using 

system dynamics VENSIM software (Jang 2011). This software can be used for modelling 

expectations, desires, goals, and perceptions (Jang 2011; Ozcan-Deniz & Zhu 2016; Marzouk 



 

Page 83 
 

& Azab 2014; Lee, Pena-Mora & Park 2006). The NPV contractor selection model then 

analysed the bidding proposal using the Monte Carlo approach for accurate probability 

simulation (Jang 2011; Maiwenn 2013; Xu & Moon 2013). NPV contractor selection model 

also used SPSS to making accurate statistical analysis for bidding proposal and net present 

value (Jang 2011; Ariffin, Omar & Sharif 2010; Fan & Yan 2010; Ruiz et al. 2017; Khalilzadeh 

& Tasci 2017; Coluci, Alexandre & Rosecrance 2009). Figure 2-19 shows how all software 

programs are used to build the NPV final model. Therefore, this research study decided to use 

Monte Carlo Simulation approaches and VENSIM and SPSS software to maximize cost 

modelling accuracy for residential building projectôs whole life cycle. 

 

 

 

 

 

 

 

 

 

 

NPV model is based on identifying risks and variables cost network to start checking 

and calculating estimation probability distribution. This is plain input of the NPV SD model 

(Jang 2011). As shown in Figure 2-20 (i.e., RC1, RC2é, RCn), these networks are analysed 

using SPSS multiple regression to check variables correlation and interrelationships (Jang 

2011). Risks-costôs system dynamics model is based on time modelling to end up with the 

NPV model (Jang 2011).  

Figure 2-19: The techniques of building NPV model to identify over costs or profits base on 

design-build-operate lifetime projects (Jang 2011).  
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It can estimate cost by calculating 

the risk probability of having imbalanced 

time behaviour between build-operate-

transfer infrastructure projects stages, as 

shown in Figure 2-20 (Jang 2011).  

System dynamics model can be 

built successfully after confirming the 

relationship between the variables shown 

in each event of Figure 2-20 using 

multiple regression analysis (Jang 2011). 

However, researchers found that delay 

risk events cause unnecessary over cost 

including Land availability, Resource 

availability, Performance availability, 

Design changes, Construction over cost, 

Construction delay, and Construction 

defects, as shown in Figure 2-20. 

 Thus, the system dynamics 

model can be shaped and achieved for 

each event separately by studying their 

variables and dynamical relationship, as 

shown in Figure 2-21 (Jang 2011).  

 
Figure 2-20: How risk events cause delay and cost overrun 

in NPV SD model (Jang 2011).  
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It is proven that unavailable land and resources to proceed with activities cause 

significant delays, cost, and poor performance (Jang 2011). This proof is shown in system 

dynamics causal loops of the first event (i.e., Land availability), the second event (i.e., resource 

availability), the fourth event (i.e., Design changes), and the seventh event (i.e., Construction 

defects) (Jang 2011). 

On the other hand, poor performance will cause losses through contract disputes and 

penalties. It will lose operation revenue and delay profit (Jang 2011; Coughlan & Coghlan 

2002; Karwan & Markland 2006; Boyer & Swink 2008). Construction over cost impacts 

financing availability and can be considered a variable causing delay (Jang 2011). Hence, a 

significant loss in planned revenue occurs. Delay is a net present value model variable affecting 

performance, cost, revenue, and many other variables in a significant undesired way (Jang 

2011; Poh & Tah 2006; Frimpong, Oluwoye & Crawford 2003; Aziz & Abdel-Hakam 2016). 

Therefore, time and costs will be connected accordingly in this research to end with more 

accurate and reliable results. 

Figure 2-21: The time behaviour patterns of the SD analysis 

in the NPV model (Jang 2011).  
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Figure 2-22 shows that the final net present value (NPV) model is completed after 

compiling and using the outcomes of probability analysis, regression analysis, system 

dynamics, and time behaviour analysis (Jang 2011). However, it gives a time-based cash flow 

model from the projectôs estimated risk (Jang 2011). Thus, the data used in this model is divided 

into budgeted data from the analysed case study and risk variables/events from SD analysis 

and modelling (Jang 2011). In Figure 2-22, these two data analysis costs have been compared 

and modelled together in the infrastructure project's cash flow model (i.e., NPV model) (Jang 

2011). Then, after simulating data in NPV final model and find each variable interaction and 

impact on BOT mega construction projectôs cost and cash flow system using estimated risks, 

Figure 2-22: Final NPV model showing the main 6 sub models including: Construction Cost, Operating Cost, 

Project Financing, Discount Rate, and Operating Revenue which are utilized in Final Projectôs Cash Flow 

model (Jang 2011).  
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it is found that cost is the most critical factor of construction industry deliverables, especially 

in the big or complex projects (Jang 2011). Therefore, this study will include cost cash flow 

and NPV in the residential projectôs whole life cycle final system dynamics cost estimating 

model. 

After that, researchers concluded that multivariate and univariate approaches are not 

appropriate when regression is used on a single observed data (Jang 2011; Lee 1989; Malhotra 

& Grover 1998; Lu & Qiao Department 2018; Meredith 1998; Currall 1999; Kushner, Choi & 

Burns 2016; Tongco 2007). That is because numerical scales can be changed and impact risk 

factors relationship ratio scales (Jang 2011). The value of money must also be examined for 

getting appropriate risk assessment and expectations in large projects (Jang 2011; Myskova & 

Myskova 2015; Akter, Mahmud & Oo 2017). So, researchers will need to investigate more 

about risk factors to examine their impact on projects and operations performance (Jang 2011; 

Iyer & Jha 2005; Doloi 2011). Nevertheless, this research study will investigate costs risk 

impact on residential projects cost estimation. 

The univariate approach has reliable statistical data analysis, while it is not supported 

enough by literature reviews and has many limitations such as sensitive impacts of probability 

on expected risk values for each measure (Jang 2011).  However, it can be reduced by 

increasing the sample size, which will change the estimated risk value (Jang 2011; Singh & 

Masuku 2014; Brunnström & Barkowsky 2018; Viechtbauer et al. 2015). Examining the value 

of money to evaluate net present value was not possible by researchers for the projectôs whole 

life cycle (Jang 2011). Therefore, this final research model will examine money value by 

calculating NPV for each time step in a residential projectôs whole life cycle; however, it will 

be a major research contribution to the project management body of knowledge.   
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On the other hand, the multivariate approach does not have consistent results at a 

confidence level of 95% because probability impacted by technical problems does not 

correspond in portion size degrees/dimensions (Jang 2011; Trafimo et al. 2018). Thus, the risk 

estimate will be wrong if researchers ignored correlation relationships between risk factors 

(Jang 2011; Cabitza, Ciucci & Locoro 2017). Furthermore, making changes while determining 

assumptions will cause a significant difference in estimated results; this will make them far 

from reality and true values (Jang 2011). Therefore, this research study will ensure collecting 

sufficient data sets of each factor before any analysis. 

Besides, research lacked data even after taking approvals to discuss real infrastructure 

projects because of confidentiality issues (Jang 2011). As a result, several assumptions have to 

be made before analysis stages, although these assumptions should be structured and 

minimized as much as possible (Jang 2011; McCutcheon & Meredith 1993; West, Kreuter & 

Jaenichen 2013; Benbasat, Goldstein & Mead 1987; Kaplan & Duchon 2011). However, this 

is opening the door for further research in cost and risk estimation and to enhance the modelôs 

accuracy and end up with a powerful impacting method for modelling risks and NPV (Jang 

2011). Therefore, this research study will further investigate modelling costs using its 

impacting risks and consider all possible accurate solutions before proceeding with valid 

assumptions.    

In 2015, researchers found that system dynamics is the most accurate approach for 

modelling risk cost (Alzahrani 2015; Rodrigues & Bowers 1996; Park et al. 2012; Liu et al. 

2012; Nasirzadeh, Khanzadi & Rezaie 2014). Conducted research included several risk groups 

related to the construction of PPP projects in the Kingdom of Saudi Arabia-KSA (Alzahrani 

2015). The research investigated how to use system dynamics to find out maximum and 

minimum possible costs that a project can reach in KSA PPP projects (Alzahrani 2015; 
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Nasirzadeh, Khanzadi & Rezaie 2014; ¥kmen & ¥ztaĸ 2010; Zakis, Zakis & Arfridsson 2017; 

Salling & Leleur 2015). The contribution was based on changing the perspectives of how to 

look at risks; however, instead of looking at them from the management viewpoint, it is 

optimum to change the perspective to have risks studied and evaluated before making decisions 

based on risks cost (Alzahrani 2015). The second contribution is about connecting all 

independent risks causal loops diagram in one modelling approach and proving that they can 

be gathered while investigating their impact on construction cost outturn (Alzahrani 2015; 

Chapman 1998; Park et al. 2012; Liu et al. 2012).  

After that, project risks impact construction cost outturn interactions based on 

integrating regression analysis with system dynamics modeling to simulate independent risks 

functional inter-relationships quantification (Alzahrani 2015; Nasirzadeh, Khanzadi & Rezaie 

2014; Williams 2003). Therefore, correlation and regression analysis will be made for all 

variables to maximize the final cost model's accuracy in this research study. 

On the other hand, researched risks cost impact using system dynamics had several 

limitations (Alzahrani 2015). This gave them the strength and significance of proceeding with 

further research studies. First, the extracted data are not individually separated based on the 

type of projects such as infrastructures, buildings, or dams (Alzahrani 2015). Second, the model 

does not allow users the possibility to select risk events (Alzahrani 2015). However, identified 

risks are extracted from literature and can be useful and add value to other researchers 

interested in construction/projects risk and its cost (Alzahrani 2015). Therefore, this research 

study will use previous literature risks to build the final system dynamics model. However, this 

is a good reason to consider empirical research in collecting related adjusting risk for this 

research study.  
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The developed risks cost for KSA PPP Projectôs model is applicable only for a specific 

region and applicable only in Saudi Arabia (Alzahrani 2015).  That allows developing system 

dynamics modelling, and simulation approach is related to projects located in the United Arab 

Emirates. Nevertheless, in Figures 2-23 and 2-24, mapping contrasts, sub-models, and causal 

loop diagrams have been created to form the final risks System dynamics model (Alzahrani 

2015). A similar approach in diagramming residential projects' whole life cycle cost variables 

will be followed to enhance the final model accuracy. 

Previous research recommends conducting further research, including and considering 

any new risks uncertainties that impact future research risks (Alzahrani, 2015). Therefore, this 

research study will be reviewing all possibly found related literature to end with more accurate 

results.     

 

 

  

Figure 2-23: Risk Cost System Dynamics Constructs (Alzahrani 2015). 
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Figure 2-24: Risks cost system dynamics model for KSA PPP projects showing risks groups and their interaction 

in each sub-model (Alzahrani 2015). 
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Then, in 2019, researchers in the project management field concluded and proved that 

system dynamics VENSIM can model and analyse technical resilience (i.e., fixable pavement 

resilience) of projects based on the impact of other technical factors (i.e., climate risks) while 

including projectôs construction and maintenance stages using causal loops and stock/flow 

simulation as shown in Figure 2-25 (Al -Aryani 2019). Finally, in this research study, the 

projectôs whole lifecycle system dynamics model of cost estimation will be including 

construction, maintenance, and equipment replacement; however, the chosen accurate software 

program which has been proved effective in similar scenarios will be VENSIM software. As a 

result, this supports the aim of modelling technical aspect (i.e., cost) based on the impact of 

risks found in residential projects' whole life cycle (i.e., CAPEX and OPEX). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Figure 2-25: The use of structured system dynamics as shown in the right side of the figure and causal loops 

shown in the lower left side of the figure to satisfy modelling fixable pavement resilience measurement under 

climate impact in UAE as shown in the left upper side of the figure (Al-Aryani 2019). 
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2.5 Summary  

 

After reviewing published literature and other empirical studies about modelling and 

optimizing cost estimation in project management, this research study concluded that previous 

achievements covered the following: 

1. Researchers modelled construction projects cost information to optimize cost 

prediction at the pre-construction stage from the client perspective; however, they used 

quantitative mathematical systems in the United Kingdom (Hardcastle 1992).  

2. Then, previous research modelled the projectôs profitability systems to optimize 

warehouse projectsô cost forecasting at bidding and to tender pre-construction stages; 

however, they used a system dynamics approach from a contractors' point of view in 

the United States America (Cui 2005). 

3. After that, researchers Modelled risk management and assessment to optimize costs and 

time forecasting processes in infrastructure tunnel projects; however, they used 

mathematical approaches to calculate risks probability to estimate construction project 

costs in Sweden from the clientôs point of view (Isaksson 2002). 

4. Next, previous research modelled risk assessment to optimize cost and time prediction 

of infrastructure tram network projects; however, they used the system dynamics 

approach from client perspectives in the United Kingdom (Boateng 2014). 

5. Finally, researchers Modelled cost estimation of infrastructure water projects based on 

more than 1600 projectsô historical data; however, they used ñArtificial Neural 

Networkò modelling and mathematical equations in the United Kingdom (Ahiaga-

Dagbui 2014, p.36). 

6. Most previous research was conducted to study (Public-Private- Partnership) projects 

(Cui 2005; Isaksson 2002; Boateng 2014; Ahiaga-Dagbui 2014).   
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Thus, the research field has been left with certain gaps. These gaps require to be filled, 

investigated about, and demand further research; nevertheless, this research study found cost 

estimation modelling gapes in previous relevant works as the following: 

1. They missed using system dynamics and probability to analyse and model cost 

estimation in the projectsô whole life cycle. 

2. They did not include costs underestimate and cost overrun issues in their proposed 

solutions. 

3. They did not study residential building projects, although they validated and 

implemented their infrastructure projects' cost models. 

4. They did not include any cost modelling study to predict and estimate residential 

buildings' actual costs cash flow at the pre-construction stage. 

5. They did not include any cost modelling of the building projectôs whole life cycle in 

the United Arab Emirates. 

6. They did not include any data related to cost variables and constraints in the United 

Arab Emirates residential built environment. 

7. They did not generalize their work and models on all geographical areas nor all projectsô 

types. 

8. They recommended further research on their models or initiating new models to open 

better opportunities. This is to know about the best and most effective cost models in 

providing accurate and optimum forecast results in construction and project 

management fields. 

9. They did not include modelling residential project costs from client's and developers' 

points of view. 

10. They did not include residential building projects in the United Arab Emirates.  
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Therefore, this research-validated topic is: System Dynamics Approach for Whole Life 

Cycle Cost Modelling of Residential Building Projects in the United Arab Emirates. This will 

be done using system dynamics, mathematical modelling, and probability simulation. 

However, this research approach will be pure quantitative.  
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Chapter 3 

MAPPING PROJECTôS WHOLE LIFE 

CYCLE COST RISKS  

 

 

 

ñMapping makes people feel like theyôre doing 

Lean, but it is simply drawing pictureséif I 

hand you a blueprint, it does not mean you can 

build a houseò. 

(King & King 2006, p. 45) 
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3.0 Introduction  

 After reviewing researchersô literature in chapter 2 and provide a theoretical framework 

for this research study, it is necessary to justify all collected cost risks and factors in this 

research cost estimation final model. First, CAPEX risk collection and identification are based 

on the Royal Institution of Chartered Surveyors (RICS) cost analysis and benchmarking 

officially published guidance note (RICS 2011). In the RICS guidance note, major factors were 

introduced, while it was stated several times that future cost estimates should include additional 

cost factors to maintain accurate construction cost prediction (RICS 2011). Otherwise, the 

difference between estimated and actual values will increase due to ignoring necessary 

additional factors (RICS 2011). Therefore, this research has included RICS identified risks and 

added all verified additional cost risks from previously published literature and empirical 

studies based on trusted guidelines, frameworks, methodologies, and regulations. This research 

study used the Australian Government's Capital Expenditure Forecasting Methodology and 

Capital v Revenue Expenditure Toolkit (Adams & Bentley 2012; Australia-Government 2020). 

Then, this research collected and identified OPEX risks from literature guided by the 

requirements of Australia Government Operating Expenditure Forecasting Methodology, the 

United Kingdom Northern Ireland Utility Regulator guidelines, and Queensland Regulatory 

Proposals 2020-2025 Expenditure Forecast (Gniel 2012; UK-Government 2017; Australia-

Government 2019). However, it is proved in government technical reports and published 

research that operational expenditure and capital expenditures are connected based on 

regulations and operation behaviours (Cambini, Congiu & Soroush 2020; Australia-

Government 2017). This result is based on studying the Australian OPEX behaviour and based 

on the European Union regulations related to CAPEX & OPEX investments in energy sectors 

(Cambini, Congiu & Soroush 2020; Australia-Government 2017). Therefore, this research used 
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the Australian Government Total expenditure frameworks and the United Kingdom 

Government technical report guidelines called The cost of Londonôs infrastructure 

requirements to 2041 and the funding gap (Australia-Government 2017; UK-Government 

2019). Finally, this research followed a systematic, trusted approach to ensure that the final 

model is including the most possible updated cost risks/factors collection. Nevertheless, it is 

recommended to update the identified cost risks/factors in future estimates to obtain accurate 

prediction values. The reviewed referencesô summary for published literature and empirical 

studies, which is used to extract the final modelôs 117 factors of this research study, is shown 

as in Figure 3-1 and Table 3-1: 

 

  

Figure 3-1: Distribution of reviewed literature and governments/ RICS reports related to cost risk identification 

and allocation in buildings projectôs whole life cycle from 1976 to 2020.   
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SN Literature/Report Author SN Literature/Report Author SN Literature/Report Author 

1 McCaffer 1976 77 Wu & Clements-Croome 2007 153 Yana, Yana & Rusdhi 2015 

2 Walace 1977 78 Abdallah 2007 154 Ibn-Homaid & Tijani 2015 

3 Taylor 1977 79 Assad, et al. 2007 155 Wibowo 2015 

4 Neufville et al. 1977 80 Dikmen, Birgonul & Han 2007 156 Flyvbjerg 2015 

5 Strandell 1978 81 Kleyner & Sandborn 2008 157 
Stasiak-Betlejewska & 

Potkány 2015 

6 Harvey 1979 82 Nelson 2008 158 Xu et al. 2015 

7 Morrison & Stevens 1980 83 Turskis 2008 159 Kosla 2015 

8 Jupp & McMillan 1981 84 
Diskienǟ, Galinienǟ & 

Marļinskas 2008 
160 Alzahrani 2015 

9 Adrain 1982 85 Toor & Ogunlana 2009 161 Andom 2015 

10 Smith & Jolly 1985 86 
Johnsen, Howard &  

Miemczyk 2009 
162 Qureshi & Kang 2015 

11 Skitemore 1985 87 Dillman et al. 2009 163 Chowdhury, Sharma & Platz 2016 

12 Koehn 1985 88 Ayangade, Wahab & Alake 2009 164 Mättö & Sippola 2016 

13 Collier 1987 89 Akinyemi et al. 2009 165 Aziz & Abdel-Hakam 2016 

14 Wilson et al. 1987 90 
Abd-ElRazek, Bassioni & 

Mobarak 2009 
166 Charles & Corbishley 2016 

15 
Azzaro, Hubbard &  

Robertson 1987 
91 Shane et al. 2009 167 Levitt & Eriksson 2016 

16 Loannov 1988 92 Liu & Wang 2010 168 Kirkwooda et al. 2016 

17 Lyons, 1990 93 Vincent & Monkkonen 2010 169 Asif 2016 

18 Skitmore & Wilcock 1994 94 Aftab et al. 2010 170 Charles & Corbishley 2016 

19 skamris & Flyvbjerg 1996 95 Kimand & Reinshmidit 2010 171 Bigsten 2016 

20 Wright 1997 96 Schieg 2010 172 Kuricheva & Popov 2016 

21 Watson, Pitt & Kavan 1998 97 Fan & Yan 2010 173 Torp et al. 2016 

22 Chapman 1998 98 Memon et al. 2010 174 Jarkas 2016 

23 Akintoye 1998 99 Koo et al. 2010 175 Wang et al. 2016 

24 Yasin et al. 1999 100 Ali & Kamaruzzaman 2010 176 Flyvbjerg 2016 

25 Wier 2000 101 Linderman & Chandrasekaran 2010 177 Lovering, Nordhaus & Yip 2016 

26 Ng et al. 2000 102 
First Gulf Bank Design 

Standard Contracts 2010 
178 Levitt & Eriksson 2016 

27 Akintoye 2000 103 Wu, Olson & Birge 2011 179 Becchio et al. 2016 

28 Mayer & Somerville 2000 104 Jang 2011 180 Battistoni et al. 2016 

29 Wang 2000 105 Laryea & Hughes 2011 181 Signor et al. 2016 

30 Gardiner & Stewart 2000 106 Mumford 2011 182 Florio & Sirtori 2016 

31 Howell & Koskela 2000 107 Gundes 2011 183 Yusof et al. 2016 

32 Chimwaso 2001 108 Kaklauskas 2011 184 Matto & Sippola 2016 

33 Akintoye et al. 2001 109 RICS 2011 185 
Poucke, Matthyssens & 

Weeren 2016 
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34 Shen et al. 2001 110 Gniel 2012 186 Mehran 2016 

35 Partnership Victoria 2001 111 Adams & Bentley 2012 187 García et al. 2016 

36 Mills 2001 112 Abd Karim 2012 188 Florio, Forte & Sirtori 2016 

37 South Africa 2001 113 Chang & Ko 2012 189 Babashamsi et al. 2016 

38 Mills 2001 114 Kaiser & Snyder 2012 190 Donovan & Corbishley 2016 

39 Flyvbjerg, Holm & Buhl 2002 115 Doloi 2012 191 Cassettari et al. 2016 

40 Love et al. 2002 116 Rahman et al. 2012 192 Cai et al. 2016 

41 Dey 2002 117 Liu et al. 2012 193 Hurt & Schrock 2016 

42 Mott-MacDonald 2002 118 Bari et al. 2012 194 Doan & Chinda 2016 

43 Chang 2002 119 Torriti 2012 195 Alagidede, 2016 

44 Thomas 2003 120 Cheung et al. 2012 196 Donaubauer et al 2016 

45 European Commission 2003 121 Abanda & Cheung 2013 197 Titaya 2016 

46 Treasury 2003 122 Sharma, Najafi & Qasim 2013 198 Stephan & Crawford 2016 

47 Naoum 2003 123 Odeyinka, Lowe & Kaka 2013 199 Balló 2016 

48 Baloi & Price 2003 124 West, Kreuter & Jaenichen 2013 200 McLean & McGovern 2017 

49 
Frimpong, Oluwoye & 

Crawford 2003 
125 Acebesa et al. 2013 201 

Abanda, Kamsu-Foguem & 

Tah 2017 

50 Williams 2003 126 Abdul Rahman et al. 2013 202 
First Abu Dhabi Bank Design 

Standard Contracts 2017 

51 Love & Irani 2003 127 Abanda, Tah & Cheung 2013 203 Akter, Mahmud & Oo 2017 

52 Boussabaine & Kirkham 2004 128 Cesa-Bianchi 2013 204 Rodrigues & Freire 2017 

53 Hodge 2004 129 Griffis & Choi 2013 205 Geissmann 2017 

54 Harbuck 2004 130 Grimes & Hyland 2013 206 Seo & Park 2017 

55 Ghosh & Jintanapakanont 2004 131 Myers 2013 207 Ballarini et al. 2017 

56 Iyer & Jha 2004 132 Crompton & Howard 2013 208 Zakis, Zakis & Arfridsson 2017 

57 Cassell & Symon 2004 133 Forbatok 2014 209 Zhao, Chen & Thomson 2017 

58 Riley et al. 2005 134 Asal 2014 210 Santos et al. 2017 

59 Wilke 2005 135 Osei-Fosu 2014 211 Guo & Sultan 2017 

60 Hamaker & Componation 2005 136 Naderpajouh & Hastak 2014 212 Hasançebi 2017 

61 Elhag, Boussabaine & Ballal 2005 137 James 2014 213 Kubba 2017 

62 Modell 2005 138 Hunter, Fitzgerald & Barlow 2014 214 Enezy et al. 2017 

63 Williams & Ackermann 2005 139 Ramasesh & Browning 2014 215 Shabniya 2017 

64 Kazaz, Birgonul & Ulubeyli 2005 140 Tsang 2014 216 Australia- Government 2017 

65 Flyvbjerg 2005 141 Asal 2014 217 UK-Government 2017 

66 Iyer & Jha 2005 142 Cheng 2014 218 Zhao et al. 2017 

67 
Seshadri & Subrahmanyam 

2005 
143 Shehu et al. 2014 219 Flyvbjerg et al. 2018 

68 Li 2005 144 Sydor et al. 2014 220 Terracon-Consultant 2019 

69 Cooper et al. 2005 145 Wang, Xia & Zhang 2014 221 Al -Aryani 2019 

70 Nguyen & Ogunlana 2005 146 Macek & Dobias 2014 222 Australia- Government 2019 
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71 García 2005 147 
Han, Srebric & Enache-

Pommer 2014 
223 UK-Government 2019 

72 Love et al. 2005 148 Abu Dhabi-Government 2015 224 Australia- Government 2020 

73 Moody 2006 149 Zahir 2015 225 
Cambini, Congiu & Soroush 

2020 

74 Poh & Tah 2006 150 Spickova & Myskova 2015 226 Al -Hamadi 2020 

75 Friedler & Pisanty 2006 151 Sayed & Sawant 2015 227 Dubai-Municipality 2020 

76 
National Research  

Council 2006 
152 Salling & Leleur 2015 228 

Abu Dhabi Ministry of Health 

and Population 2020 

  

 

 

 

Therefore, it is clear from Figure 3-1 that researchers started to focus on projects' whole 

life cycle cost risks from the year 2000 up to date. In other words, 204 out of 228 reviewed 

literature found in the 2000s weighing nearly 99%. Furthermore, 81 out of 228 reviewed 

literature found in the last five years, weighing more than 35%. However, those identified risks 

shall be considered for this research while allocating residential buildings' whole life cycle 

risks. Then, these risks will be grouped into clusters through this mapping chapter before 

proceeding with any modelling. The following parts of this chapter will discuss each cost risk/ 

factor and how it affects costs through the final model.   

 

3.1 CAPEX Risks 

 

First, capital expenditure clusters and factors will be discussed and detailed to explain 

how they impact this research cost estimation model during the construction stages of the 

residential projectôs whole life cycle. The connection between these factors will be shown and 

described in a mapping Figure representing their interaction in the final cost model. However, 

the eleven groups and clusters under CAPEX are (1) Construction Activitiesô Risks, (2) 

Political Risks, (3) Legal Risks, (4) Economic Change Risks, (5) Natural Forces Risks, (6) 

Table 3-1: Reviewed literatures and governments/ RICS reports for risk identification and allocation which 

impact cost in construction and projectôs whole life cycle from 1976 to 2020. This is an adapted table summary 

from literatures (Boussabaine & Kirkham 2004; Jang 2011; Forbatok 2014; Asal 2014; Osei-Fosu 2014; 

Andom 2015; Alzahrani 2015; Zhao et al. 2017; Al -Aryani, 2019).  
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Market Risks, (7) Project Selection Risks, (8) Project Finance Risks, (9) Building 

Functionality, and Serviceability Risks, (10) Stakeholders Relationship Risks, and (11) 

Knowledge Risks. 

   

A- Construction Activitiesô Risks 

 

Construction activities risks are those risks taking place during the project construction 

stage. It will group all related risks to represent them with one mathematical equation as per 

their graphical relationship. This will be reflected in the modelôs final cost estimation 

calculations and results. A1 to A29 risks will be detailed to clarify how they will impact the 

final cost model while interacting with each other to understand better.  

 

A1- Selection Method 

 

The selection method has an impact on the CAPEX phase during construction activities. 

This is due to the ignorance of risk importance included in the project (Jang 2011). 

Furthermore, how does it apply to each investment project selection and supplier/contractor 

selection (Jang 2011)? Thus, the required weight for this factor is the one impacting 

construction activities only.  

 

A2- Type of Client: Solo Individual 

 

The solo individual type of client risk is mainly about the extreme frequency of changes 

happening through the project. The impact is directly and indirectly on costs because of the 

deference appearing in the project's agreed estimated elements (Zhao, Mbachu & Domingo 

2017). Therefore, when ignorance increases, knowledge will decrease related to what will 

happen after making decisions (Zhao, Mbachu & Domingo 2017).  
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A3- Type of Client: Bank- Individual Partnership  

 

A bank-individual partnership client type impacts cost when failure to agree on 

mandatory changes (Zhao, Mbachu & Domingo 2017). These changes are required for project 

success, and many other activities depend on it (Zhao, Mbachu & Domingo 2017). However, 

agreeing on making changes will significantly impact costs if reworks and/or re-supply will be 

needed (Zhao, Mbachu & Domingo 2017). The required weight for this factor is the one 

impacting construction activities only 

 

A4- Type of Client: Developer 

 

Developers as clients usually create challenges in the construction stage because they 

are not the end-users (Boussabaine & Kirkham 2004; Zhao, Mbachu & Domingo 2017). 

Nevertheless, the requirements of having maximum profit, in some cases, push them to make 

wrong decisions due to lower cost (Boussabaine & Kirkham 2004; Zhao, Mbachu & Domingo 

2017). As a result, developers increase the cost significantly when taking wrong decisions and 

risks are maximized, instead of minimizing the risks (Boussabaine & Kirkham 2004; Zhao, 

Mbachu & Domingo 2017). Finally, this factor's probability and impact are required to get 

more accurate cost prediction whenever this type of client is involved (Boussabaine & Kirkham 

2004; Zhao, Mbachu & Domingo 2017). 

 

A5- Type of Client: Group of People 

 

The group of people risk is created when deferent perspectives occur between decision-

makers, such as clients of the same project (Boussabaine & Kirkham 2004; Zhao, Mbachu & 

Domingo 2017). However, stakeholdersô risks will be included in the model as a separate 
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group. On the other hand, the required weight for this risk is related to clientsô conflict based 

on the probability and impact of its occurrence (Boussabaine & Kirkham 2004; Zhao, Mbachu 

& Domingo 2017). 

 

A6- Location: City Area 

 

Projectôs city area risk may have several meanings, such as the time of equipment 

access, traffic, supply chain, material price changes, precautions required to be taken, and other 

criteria; on the other hand, cost estimation is considering all these possibilities prior its 

occurrence (Harvey 1979; Azzaro, Hubbard & Robertson 1987; Boussabaine & Kirkham, 

2004; Jang 2011; Forbatok 2014; Asal 2014; Osei-Fosu 2014; Andom 2015; Alzahrani 2015; 

Zhao, Mbachu & Domingo 2017; Al-Aryani 2019). Thus, city location cost change risks will 

impact the projectôs pre-construction stage and will take place in the final model (Harvey 1979; 

Azzaro, Hubbard & Robertson 1987; Boussabaine & Kirkham, 2004; Jang 2011; Forbatok 

2014; Asal 2014; Osei-Fosu 2014; Andom 2015; Alzahrani 2015; Zhao, Mbachu & Domingo 

2017; Al-Aryani 2019).  

 

A7- Location: Regional Area 

 

Regional area risk is giving the first impression of being away from facilities, supplies, 

and stable processes in working and living location (Harvey 1979; Azzaro, Hubbard & 

Robertson 1987; Boussabaine & Kirkham, 2004; Jang 2011; Forbatok 2014; Asal 2014; Osei-

Fosu 2014; Andom 2015; Alzahrani 2015; Zhao, Mbachu & Domingo 2017; Al-Aryani 2019). 

However, this will increase the cost of labour, equipment supply, operations, fuel, and frequent 

visits due to far cities and accommodated areas (Harvey 1979; Azzaro, Hubbard & Robertson 
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1987; Boussabaine & Kirkham, 2004; Jang 2011; Forbatok 2014; Asal 2014; Osei-Fosu 2014; 

Andom 2015; Alzahrani 2015; Zhao, Mbachu & Domingo 2017; Al-Aryani 2019). Therefore, 

this study model found that it is essential to take this risk weightage in adjusting predicted costs 

based on its occurrence probability and impact (Harvey 1979; Azzaro, Hubbard & Robertson 

1987; Boussabaine & Kirkham, 2004; Jang 2011; Forbatok 2014; Asal 2014; Osei-Fosu 2014; 

Andom 2015; Alzahrani 2015; Zhao, Mbachu & Domingo 2017; Al-Aryani 2019). 

 

A8- Location: Beach Area 

 

The beach area cost is increasing due to the extreme environmental and dewatering 

requirements; also, projects infrastructure and complexity require activities due to its luxury 

(Harvey 1979; Azzaro, Hubbard & Robertson 1987; Boussabaine & Kirkham, 2004; Jang 

2011; Forbatok 2014; Asal 2014; Osei-Fosu 2014; Andom 2015; Alzahrani 2015; Zhao, 

Mbachu & Domingo 2017; Al-Aryani 2019). Nevertheless, the required risk weight to be 

considered will be added to the prediction cost model to improve its accuracy.  

 

A9- Location: Desert Area 

 

Desert area cost risk is significant because of the danger coming from transportation, 

supply chain, environment condition, labour cost, equipment, and other challenging criteria; 

therefore, usually, residential projects are lump-sum contracts, and the desert location is 

increasing contractual value with the high possibility of an increase during execution (Harvey 

1979; Azzaro, Hubbard & Robertson 1987; Boussabaine & Kirkham, 2004; Jang 2011; 

Forbatok 2014; Asal 2014; Osei-Fosu 2014; Andom 2015; Alzahrani 2015; Zhao, Mbachu & 

Domingo 2017; Al-Aryani 2019). Therefore, this should be included in this research's final cost 

estimation modelling. 
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A10- Building Services Complexity: Operational Services 

 

Project complexity will require extreme technical expertise, equipment, and 

technologies (Boussabaine & Kirkham 2004; Jang 2011; Forbatok 2014; Andom 2015; 

Alzahrani 2015; Zhao, Mbachu & Domingo 2017; Al-Aryani 2019). The complexity of this 

service will cause more building requirements and will demand more complex processes; 

therefore, this study is considering its risk adjustment factor to implement it in the final model. 

(Boussabaine & Kirkham 2004; Jang 2011; Forbatok 2014; Andom 2015; Alzahrani 2015; 

Zhao, Mbachu & Domingo 2017; Al-Aryani 2019). The type of operational services 

complexity became a mandatory luxury requirement for environmental purposes as well; 

therefore, it is having lower risk than in fitness services complexity, but the risk remains 

impacting the projects whole lifecycle final cost and shall be included in this final study model 

(Boussabaine & Kirkham 2004; Jang 2011; Forbatok 2014; Andom 2015; Alzahrani 2015; 

Zhao, Mbachu & Domingo 2017; Al-Aryani 2019).   

 

A11- Building Services Complexity: Fitness Services 

 

In a different way from operational service complexity, fitness services complexity is 

changing significantly from a residential project to another; however, this is making risks be 

higher and should be covered in the prediction model (Boussabaine & Kirkham 2004; Jang 

2011; Forbatok 2014; Andom 2015; Alzahrani 2015; Zhao, Mbachu & Domingo 2017; Al-

Aryani 2019). So, risk value will depend on its occurrence probability and impact in the United 

Arab Emirates.  

 

  



 

Page 107 
 

A12- Number of Basement Levels 

 

The number of basement levels is causing big concerns for any projectôs leading 

stakeholder participant, but it results from having hidden facts such as soil, ground, and 

geotechnical conditions (Boussabaine & Kirkham 2004; Jang, 2011; Forbatok 2014; Alzahrani 

2015; Shabniya 2017). Thus, to cover all those uncertainties impacting the number of basement 

levels risk, the probability of its change and its impact will be considered in the final model to 

create the adjusted estimated cost accurately.  

 

A13- Procurement Method 

 

The procurement approach chosen to be followed during construction is impacting cost; 

however, it is affecting projectôs quality and price range (Harvey, 1979; Azzaro, Hubbard & 

Robertson 1987; Boussabaine & Kirkham 2004; Jang 2011; Osei-Fosu 2014; Andom 2015; 

Alzahrani 2015; Zhao, Mbachu & Domingo 2017; Al-Aryani 2019). So, it has been decided to 

include it in this study to increase the final project cost estimation model's accuracy. 

 

A14- Site Topography 

 

Site topography controls several required pre-activities and activities that are changing 

costs from project to project; this risk is crucial because it is considered to adjust other factors 

such as site access and work needs (Elhag & Boussabaine 2005). Therefore, since the United 

Arab Emirates include a wide range of topography, then the impact measure should be included 

in the model. 
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A15- Site Conditions 

 

Site condition at the time of executing projects is varying based on the built area, and 

if it included previous building, activities, or dumping wastes (Boussabaine & Kirkham 2004; 

Jang 2011; Forbatok 2014; Asal 2014; Osei-Fosu 2014; Andom 2015; Alzahrani 2015; Zhao, 

Mbachu & Domingo 2017; Al-Aryani 2019). Therefore, it is essential to include the impact of 

site actual conditions at the time of execution to increase this research model accuracy 

(Boussabaine & Kirkham 2004; Jang 2011; Forbatok 2014; Asal 2014; Osei-Fosu 2014; 

Andom 2015; Alzahrani 2015; Zhao, Mbachu & Domingo 2017; Al-Aryani 2019). 

 

A16- Working Space 

 

Compared with workers and equipment to complete required tasks, the working space 

will increase the cost if it is not adequate; for example, fewer workers to achieve the same total 

productivity will demand higher skills and technologies (Boussabaine & Kirkham 2004). 

Therefore, this risk should be included in the final cost prediction model. 

 

A17- Site Access 

 

Site access depends on location and surrounding environments; in other words, some 

locations require a permit for all working personals to access, while other locations require 

permits for equipment only (Boussabaine & Kirkham 2004; Jang 2011). The requirements and 

precautions required to prepare site access changes from site to site and cost more (Boussabaine 

& Kirkham 2004; Jang 2011). Therefore, this adjustment requires to be included in the final 

cost model. 
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A18- Frame Structure 

 

The building structure frame will decide how much working space is required and the 

required structural execution and procurement methods. Sometimes, structures require 

manufactured elements and parts such as precast, steel trusses, and other elements based on the 

frame design (Boussabaine & Kirkham 2004). Therefore, this risk change costs and require to 

be included in the final cost model. 

 

A19- Foundation Type 

 

Foundation type will impact the methods of procurement, execution, and time of 

construction (Forbatok 2014). Foundation is critical for any further activity of the building 

(Forbatok 2014). In the United Arab Emirates, the type of footing may vary significantly within 

one project based on the covered area. It can be a shallow or deep foundation based on their 

location in the same project, such as housing projects. 

 

A20- Ground Conditions 

 

The ground condition in the United Arab Emirates has a wide range of types and status; 

therefore, it will impact the foundation and works' needs (Alzahrani 2015). Other factors, as 

applicable, make it important for the final model (Alzahrani 2015). The water content, type of 

existing infrastructure, and maximum depth limits make this risk critical (Alzahrani 2015). It 

will be included in the final cost model. 
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A21- Type of Soil 

 

The type of soil impacts the construction cost because of excavation and backfilling 

activities in the project location (Boussabaine & Kirkham 2004; Alzahrani 2015). However, if 

the soil is demanded in the region for other business activities, this will save transportation and 

disposal costs. If the excavation removed soil is required for backfilling in the same 

development project, it will save the cost of supplying the soil with the required specifications. 

Hence, cost estimation will change, and this cost risk requires to be considered in the model.  

 

A22- Mark -up Size 

 

Researchers prove that the cash flow and material prices impact the mark-up size; 

however, researchers also agreed that the construction mark-up would impact the cost 

estimation and how it will be changed over time. (Asal 2014; ElSawy, Hosny & Abdel-Razek 

2017). Therefore, this should be taken into consideration when estimating the construction cost 

at the pre-construction stage. 

 

A23- Need for Work 

 

The unexpected extra hidden tasks needed to complete construction activities may vary 

in cost, time, and complexity from one project to another (Jang 2011). It is crucial to identify 

this risk value in cost estimation while predicting the projectôs cost at the pre-construction stage 

(Jang 2011). 
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A24- Deadline Requirements 

 

According to most cost estimation empirical research, it is agreed over 45 years that the 

deadline requirements is one of the main factors impacting projects duration and cash bleeding; 

therefore, this adjusting risk is significant and will be included in the final model for better 

accuracy (Jang 2011; Osei-Fosu 2014; Alzahrani 2015; Andom 2015). 

 

A25- Number of Stories 

 

The number of stories has been proved through research to impact building costs; 

however, this impact is not per floor. The change in cost is un-systematically and non-linear 

based on completed works and consumed time (Boussabaine & Kirkham 2004; Jang 2011; 

Forbatok 2014; Alzahrani 2015; Shabniya 2017). The probability of this change and its impact 

percentages will decide how much this risk will be significant in residential projects. Therefore, 

it will be included in the final cost model. 

 

A26- Project Duration  

 

Project duration change varies in weightage based on ratios of the total cost to time, or 

the ratio of variations cost to time (Boussabaine & Kirkham 2004; Jang 2011; Asal 2014; Osei-

Fosu 2014; Andom 2015; Alzahrani 2015; Al-Aryani 2019). Therefore, residential projects' 

risk is essential for the final cost prediction model resulting from this study (Boussabaine & 

Kirkham 2004; Jang 2011; Asal 2014; Osei-Fosu 2014; Andom 2015; Alzahrani 2015; Al-

Aryani 2019). 
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A27- Gross Floor Area 

 

The gross area changes of designed floors are rarely changing after tendering cost issues 

(i.e., contract value) (Boussabaine & Kirkham 2004; Jang 2011; Forbatok 2014; Alzahrani 

2015; Shabniya 2017). However, research and literature worldwide decided that its important; 

however, the possibility of this change exists and cannot be neglected (Boussabaine & Kirkham 

2004; Jang 2011; Forbatok 2014; Alzahrani 2015; Shabniya 2017). Therefore, this research 

study will include this factor based on its probability and impact on the United Arab Emirates' 

residential buildings project. 

 

A28- Equipment Required 

 

Equipment requirements change with quality and accuracy levels demanded the project 

based on legal, end-user, and serviceability requirements (Boussabaine & Kirkham 2004; Jang 

2011; Asal 2014; Forbatok 2014; Andom 2015; Alzahrani 2015; Al-Aryani 2019). So, 

equipment requirements change during projects risk is significant, and its weightage is required 

to be added in the final cost model. 

 

A29- Construction Technology 

 

Construction technology is not only equipment related to executing works, but its 

information technology and software tools required to improve performance of works, 

analyses, and forecasts of construction activities  (Boussabaine & Kirkham 2004; Jang 2011; 

Forbatok 2014; Andom 2015; Alzahrani 2015; Al-Aryani 2019). Therefore, this weightage 

cannot be added with equipment requirements because they have a dif ferent occurrence 
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probability and impact on project cost. However, this research decided to include it in the final 

cost model due to its significance. 

 

¶ Construction Activities Risks Mapping 

 

After covering each risk factor of Construction Activities Risks, the relationship 

mapping in Figure 3-2 show how the flow of risk is connected and with the CAPEX variable 

in the proposed project whole life cycle cost estimation model. Therefore, based on this 

concept, data collection shall consider these connections to understand how accurate risk 

weightage should be set clearly. 
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Figure 3-2: Construction Activitiesô Risks Mapping showing their interaction with each other in the 

proposed project whole life cycle cost estimation model.  
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B- Political Risks 

 

Political Risks are those risks which are taking place through the project execution 

stage. This will group all related risks to include them with one mathematical equation and a 

graphical relationship. These risk values will be reflected in the modelôs final cost estimation 

calculations and results. So, the following risks from B1 to B10 will be detailed to clarify their 

impact on the final model to better understand this group's variables.  

 

B1-  Change in Law 

 

The government's change in the law in the regulation or requirements will affect 

projects' whole life cycle cost; however, researchers consider it a significant risk factor (Osei-

Fosu 2014; Chang & Ko 2012; Abd-ElRazek, Bassioni & Mobarak 2009; Schieg 2010; 

Seshadri & Subrahmanyam 2005). Change in law risk in the United Arab Emirates is happening 

periodically due to challenges or improvement vision on the strategic government leadership 

level. Therefore, this study will include it to adjust the final estimated cost value.  

 

B2-  Delay in Project Approvals and Permits 

 

Approvals and permits delay were found significant by cost estimation researchers 

(Jang 2011; Kaiser & Snyder 2012; Stasiak-Betlejewska & Potkány 2015). It was frequently 

found in various construction projects, including buildings (Jang 2011; Kaiser & Snyder 2012; 

Stasiak-Betlejewska & Potkány 2015). However, it is proved that approvals and permits delay 

issues cause significant cash bleeding without control until the issue is solved. This significant 

risk must be included in this cost estimation model to enhance its accuracy.  
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B3-  Poor Public Decision-Making Process 

 

The public decision-making process is one of the highest risk weights of political risks 

(Jang 2011; Alzahrani 2015; Chowdhury, Sharma & Platz 2016; Flyvbjerg 2015; Mättö & 

Sippola 2016; Aziz & Abdel-Hakam 2016). This research study is considering it to improve 

the accuracy of cost estimation. On the other hand, poor public decision-making in residential 

buildings housing projects appears when it is not appropriate to change the end-usersô 

requirements while violating their cultural needs, such as changing the number of floors, the 

number of rooms, and building size area, and utilities.   

 

B4-  Government Intervention 

 

Government interventions are the government's actions toward completing a project 

(Alzahrani 2015; Wu, Olson & Birge 2011; Charles & Corbishley 2016; Aziz & Abdel-Hakam 

2016). Those actions can be safety requirements such as supplying and installing a certain level 

of firefighting system in all villas in the country or any other regulating requirement. It is 

mandatory to include it in this research cost estimation model.  

 

B5-  Unstable Government 

 

The government in the United Arab Emirates is stable, and this factor is rare in this 

country. However, researchers in dif ferent places in the world, including the Kingdom of Saudi 

Arabia, proved that it is essential to have it in all risks and costs studies even if it is weak or 

rare (Alzahrani 2015; Aziz & Abdel-Hakam 2016).  Then, let experts and data collection decide 

how much this weight might be critical (Alzahrani 2015). Therefore, scientifically, this factor's 
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real impact can be too small or significantly high, which will be reflected in this research cost 

model analyses and results accordingly.  

 

B6-  Government Reliability  

 

This is where government reliability should cover several perspectives, such as 

financial, security, political, economic, and social; however, as high this risk will be, the project 

cost will be high to cover unexpected significant cost uncertainty (Alzahrani 2015; Aziz & 

Abdel-Hakam 2016). Therefore, this research cost model should include it to improve its 

accuracy. 

 

B7-  Inconsistencies in Government Policies 

 

In this risk, inconsistencies appear from deferent governmental departments and affairs 

due to the lack of communication and improper requirements and rule organization (Alzahrani 

2015; Aziz & Abdel-Hakam 2016; Naderpajouh & Hastak 2014). However, it is being solved 

by building a united automated system of government-related projects or services; therefore, 

the risk still exists and must be considered in this study's cost estimation model. 

 

B8-  Strong Political Opposition / Hostility 

 

Although researchers showed that this risk exists in all countries, including gulf 

countries, political opposition and hostility are not significant in the United Arab Emirates due 

to its culture. Nevertheless, its weightage might vary significantly from place to place 

(Alzahrani 2015; Wu, Olson & Birge 2011; Akinyemi et al. 2009). Therefore, it will be 

included in this research system dynamics model. 
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B9-  Expropriation/ Nationalization of Assets 

 

Expropriation and nationalization of project assets are normal actions from countries 

toward its developments to satisfy targeted self-sufficiency (Alzahrani 2015; Wu, Olson & 

Birge 2011). Therefore, the cost calculation already includes it, but the targeted level of self-

sufficiency may change, impacting final costs. The cost prediction model of this research study 

will include it.   

 

B10- Inability of Concessionaire 

 

All projects concessionaire is finalized before the United Arab Emirates' execution 

stage, although researchers showed its existence in GCC countries (Alzahrani 2015; 

Chowdhury, Sharma & Platz 2016; Chang & Ko 2012; Doloi 2012; Levitt & Eriksson 2016). 

However, it is granted by law, and processes/procedures are systematic and clear. Therefore, 

this research will include it to adapt any possible change impacting cost estimation.  

 

¶ Political Risks Mapping 

 

After explaining, in details, each risk factor of Political Risks, the relationship mapping 

in Figure 3-3 show how risks are connected and with CAPEX variable in the proposed project 

whole life cycle cost estimation model. Therefore, based on this concept, data collection shall 

consider these connections to understand risk weightage clearly. It will be reflected in the cost 

estimation final model. 
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C- Legal Risks 

 

The Legal Risks are those risks which are taking place through the project execution 

stage. This will  group all related risks to include them with one mathematical and graphical 

relationship, which will be reflected in the modelôs final cost estimation calculations and 

results. The following risks will be detailed to clarify how they will impact the model and for 

better clarification and understanding of how the model interacts with its variables related to 

this group.  

 

C1- Change in Tax Regulation 

 

According to researchers' outputs, this risk did not exist before 2018 in GCC countries, 

although it is mandatory in all construction risk and cost studies (Jang 2011; Alzahrani 2015; 

Al -Hamadi 2020; Wu, Olson & Birge 2011). However, in 2018, the United Arab Emirates 

launched VAT (i.e., Value Added Tax) on all trades, including goods and services. Therefore, 
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Figure 3-3: Political Risks Mapping showing their interaction with each 

other in the proposed project whole life cycle cost estimation model.  
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this research study must include it to provide accurate cost estimation outputs from its final 

created model. 

 

C2- Corruption and Lack of Respect for Law 

 

The consideration of this risk is included because of having a large layer of international 

employees who have deferent religions, ethics, and culture (Alzahrani 2015; Abanda, Tah & 

Cheung 2013; Kirkwooda et al. 2016; Love et al. 2002; Ayangade, Wahab & Alake 2009; Asif 

2016). So, it is mandatory to cover the risk of any corruption or ignorance/lack of respect for 

United Arab Emirates Law to provide successful model outputs. 

 

C3- Legislation Change 

 

This risk relates to the improvement and development of legal processes finalizing and 

formal projectsô requirements; as a result, the plan of how to conduct legislation requirements 

should adopt every legislation change which impacts cost throughout project execution (Jang 

2011; Alzahrani 2015; Abanda, Tah & Cheung 2013; Kirkwooda et al. 2016; Love et al. 2002; 

Ayangade, Wahab & Alake 2009; Asif 2016). Therefore, it will be included in the final cost 

model. 

 

C4- Impor t / Export Restrictions 

 

Import and export restrictions are based on the countryôs political relationship (i.e., the 

United Arab Emirates) with other countries and based on sudden barriers blocking 

import/export activities (Alzahrani 2015). For example, in December 2019, coronavirus 

disease (COVID-19) appeared in China and suddenly reached all countries globally (World 
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Health Organization 2019; UAE Ministry of Health 2020). This made the United Arab 

Emirates Ministry of Health recommend, advise, and direct to stop certain imports/exports 

(World Health Organization 2019; UAE Ministry of Health 2020). In Mach 2020, UAE 

prevented people from travelling from the country due to the high-risk and refused travellers 

from high-risk countries to enter the UAE (World Health Organization 2019; UAE Ministry of 

Health 2020). Thus, it is mandatory to cover these risks in an accurate cost prediction model. 

 

C5- Rate of Return Restrictions 

 

The return rate is not usually restricted unless it is misused by investors and started to 

impact societies and economics negatively; for example, ñLaw No. 26 of 2007ñ, ñDecree No. 

62 of 2009 and Decree No. 2 of 2011ò and ñDecree No. 43 of 2013ò are restrictions for the 

rate of return in the last 15 years in UAE-Dubai Emirate (Dubailand 2013, p.18; Alzahrani 

2015). However, recently, the UAE government removed these restrictions and allowed a free 

return rate (Dubailand 2013). This risk is significant and will be included in the final cost model 

(Dubailand 2013; Alzahrani 2015; Wibowo 2015; Charles & Corbishley 2016; Fan & Yan 

2010). 

 

C6- Industrial Regulatory Change 

 

The change of industrial regulatory is happening between projects and usually not 

during projectsô executions; however, it has been proved by other researchers that it is essential 

to consider this risk in costs and risks modelling (Jang 2011; Alzahrani 2015; Bigsten 2016; 

Kuricheva & Popov 2016). Therefore, it will be included to enhance accuracy. 
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¶ Legal Risks Mapping 

 

After explaining in detail each risk factor of Legal Risks, the relationship mapping in 

Figure 3-4 show how risks are connected and with CAPEX variable in the proposed project 

whole life cycle cost estimation model. Therefore, based on this concept, data collection shall 

consider these connections to understand what accurate risk weightage should be set clearly. 

Finally, it will be reflected in the validation process of collecting data and the final cost model. 

 

 

 

 

 

 

 

 

 

 

 

 

D- Economic Change Risks 

 

Economic Change Risks are these risks taking place through the project execution 

stage. This is going to group all related risks to include them with one mathematical and 

graphical relationship. It will be reflected in the modelôs final cost estimation calculations and 

results. So, the following risks will be detailed to clarify how they will impact the model and 

better understand how the model interacts with its variables related to this group.  

 

  

Figure 3-4: Legal Risks Mapping showing their interaction with each 

other in the proposed project whole life cycle cost estimation model. 
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D1- Interest Rate Volatility  

 

Interest rate fluctuation is a significant risk in cost modelling, as proved by previous 

empirical and published research (Jang 2011; Alzahrani 2015; Gardiner & Stewart 2000; 

Stasiak-Betlejewska & Potkány 2015). This is fixed once the financial contract is signed; 

however, some economic changes may change the amount of financial support needed and 

require additional finance. If the investment market is active and has high demand by investors 

to finance investments, the interest rate will be too high compared with the initial project 

finance rate. On the other hand, if the investment market is down, and there are no demands 

for investments, the interest rate will be lower. Therefore, this risk will be included in the final 

cost model. 

 

D2- Inflation Rate Volatility  

 

The inflation rate is usually stable and measured and monitored by the United Arab 

Emirates central bank; however, it fluctuates significantly in an unexpected trend based on oil 

or regional political/economic directions (Jang 2011; Alzahrani 2015; Kaiser & Snyder 2012; 

Chang & Ko 2012). Therefore, it should be included in the final research cost estimation model.  

 

D3- Foreign Exchange and Convertibility 

 

This risk is usually considered based on supplying and importing (Jang 2011; Alzahrani 

2015; Bigsten 2016; Baloi & Price 2003). However, there will be no risk of total cost change 

if supplying and importing are done using deferent currencies with fixed relationships (i.e., 

UAE Dirham is fixed with the United States Dollars). On the other hand, the threats and 
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opportunities will be created based on risk occurrence situations if they have a free exchange 

ratio. 

 

D4- Poor Financial Market 

 

The financial market's primary role refers to the investmentôs strengths and weaknesses 

(Jang 2011; Alzahrani 2015; Ibn-Homaid & Tijani 2015; Memon et al. 2010; James 2014). In 

other words, if investments in a city are low risk, all investors will take the opportunity to 

conduct business activities, and the demand/supply will start growing with the price growth. 

Therefore, this significant risk will be included in the final cost estimation model. 

 

¶ Economic Change Risks Mapping 
 

After explaining each risk factor of Economic Change Risks, the relationship mapping 

in Figures 3-5 shows how risks are connected and with CAPEX variable in the proposed project 

whole life cycle cost estimation model. Therefore, based on this concept, data collection shall 

consider these connections to understand what accurate risk weightage should be set clearly. 

Therefore, it will be reflected in the collected data's validation process and the final cost model. 

 

 

 

 

 

 

 

 

 

 

  

Economic

Change Risks

Interest Rate

Volatility

Inflation Rate

Volatility

Foreign Exchange and

Convertibility Poor Financial

Market

CAPEX

Figure 3-5: Economic Change Risks Mapping showing their interaction 

with each other in the proposed project whole life cycle cost estimation 

model. 
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E- Natural Forces Risks 

 

Natural Forces Risks are those risks taking place during the project construction stage. 

This group is including all related risks together to connected with mathematical and graphical 

relationships. It will be reflected in the modelôs final cost estimation calculations and results. 

The following risks will be detailed to clarify their impact on the final model and better 

understand the modelôs interaction with its variables related to this group. 

 

E1- Force Majeure 

 

All unavoidable and negatively impacting events related to the project are considered 

under this risk (Jang 2011; Alzahrani 2015; Torp et al. 2016; Chang & Ko 2012; Love et al. 

2002; Doloi 2012). For example, tornados, floods, and earthquakes are above and beyond the 

project intent and capabilities; however, they will be considered under this risk category. These 

considerations are analysed during the project selection, design, and execution stages. 

However, risk changing possibilities during construction still exist and should be included in 

the final system dynamics cost estimation model. 

 

E2- Environment 

 

The environmental risks are those risks related to environmental required 

status/condition after impacting or being impacted by the development projects from its start 

to the end of its lifecycle (Jang 2011; Alzahrani 2015; Jarkas 2016; Yana, Yana & Rusdhi 

2015). For example, the precaution of protecting living beings around the project is a risk that 

should be considered. Also, noise and water pollution have many constraints falling under this 
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risk. Other examples exist; however, researchers proved that this is a significant risk and must 

be added to cost models (Jang 2011; Alzahrani 2015; Jarkas 2016; Yana, Yana & Rusdhi 2015).  

 

E3- Weather 

 

Over the last decade, the weather changes made this risk critical on projects' long 

lifecycle (Jang 2011; Alzahrani 2015; Jarkas 2016; Yana, Yana & Rusdhi 2015). This change 

should be compared with other development projects (Jang 2011; Alzahrani 2015; Jarkas 2016; 

Yana, Yana & Rusdhi 2015). For example, the need for a sudden heating/cooling system after 

starting construction is considering the available design capabilities and the electrical supply 

in great challenge. Adding equipment without proper study in the facilityôs units can cause fire 

incidents or other fatalities situation. Therefore, this risk should be considered by the final cost 

estimation model. 

 

E4- Geotechnical Condition 

 

The geotechnical condition is deciding the type of foundation, required equipment, and 

processes needed for construction projects' activities and jobs (Jang 2011; Alzahrani 2015; 

Doloi 2011; Aziz & Abdel-Hakam 2016; Wang et al. 2016). Therefore, any mistake in this 

condition conclusion will change the estimated cost significantly. This risk requires to be added 

to the final cost model. 

 

¶ Natural Risks Mapping 

 

After explaining each risk factor of Natural Risks, the relationship mapping in Figures 

3-6 shows how risks are connected and with CAPEX variable in the proposed project whole 
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life cycle cost estimation model. Therefore, based on this concept, data collection shall consider 

these connections to understand what accurate risk weightage should be set clearly. Therefore, 

it will be reflected in the validation process of collecting data and the final cost model. 

 

 

 

 

 

 

 

 

 

F- Market Risks 

 

The Market Risks are those risks which are taking place through the project execution 

stage. This will  group all related risks to include them with one mathematical and graphical 

relationship, reflected in the modelôs final cost estimation calculations and results. The 

following risks will be detailed to clarify how they will impact the model and better clarify and 

understand how the model interacts with its variables related to this group. 

 

F1- Market Supply 

 

The market supply for projectôs outputs (i.e., apartment unit/villa unit) and the market 

supply for materials used in the construction stage significantly impact cost estimation (Jang 

2011; Alzahrani 2015; Doloi 2011; Kaiser & Snyder 2012). Furthermore, it is required to be 

considered in the final cost estimation model. 

 

Figure 3-6: Natural Risks Mapping showing their 

interaction with each other in the proposed project 

whole life cycle cost estimation model. 
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F2- Market Demand 

 

The demands on materials throughout the construction lifecycle have a risk of change 

and impact the calculated costs (Jang 2011; Alzahrani 2015; Doloi 2011; Kaiser & Snyder 

2012). For example, if a material type has a specific price at the time of project construction 

start, while its demand increased, then the price will increase accordingly. From another 

perspective, if project-type demand by end-users changed during its execution, then the 

project's final cost will vary based on the actual changes. However, these changes can be 

pressure cards with suppliers because you are a client who provides highly demanded products, 

and hence prices may significantly increase. Therefore, this risk will be added to the final cost 

estimation model.  

 

F3- Fluctuation of Material Cost by Public/Private 

 

The material price fluctuations risk is based on whether the supply and demand are 

between suppliers and the public sector or between the supplier and private sector (Jang 2011; 

Alzahrani 2015; Koo et al. 2010; Ayangade, Wahab & Alake 2009). However, it is also 

impacted by the quality and quantities of materials and its price category offered for consumers; 

for example, if a public manufacturer or supplier offers the same material, then the price will 

be different from private manufacturers' prices and suppliers.  Therefore, the project cost should 

consider those risks to increase this research output cost estimation model's accuracy.   
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F4- Value of Production Effort  

 

The expected value of a projectôs outcomes can change its production value through 

time based on the reasons (Jang 2011; Howell & Koskela 2000). For example, the taxes change, 

materials cost, and construction needs will create a production value and change it every time 

they change over the projectôs duration. Therefore, it should be included in the final estimation 

model. 

 

¶ Market Risks Mapping 

 

After explaining in detail each risk factor of Market Risks, the relationship mapping in 

Figure 3-7 show how risks are connected and with CAPEX variable in the proposed project 

whole life cycle cost estimation model. Therefore, based on this concept, data collection shall 

consider these connections to clearly understand what accurate risk weightage should be set. 

Therefore, it will be reflected in the validation process of collecting data and the final cost 

model. 

 

 

 

 

 

 

 

 

  

Figure 3-7: Market Risks Mapping showing their 

interaction with each other in the proposed project whole 

life cycle cost estimation model. 
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G- Project Selection Risks 

 

Project Selection Risks are those risks taking place during the project construction 

stage. This group collects all related risks to include them with one mathematical and graphical 

relationship and reflect it in the modelôs final cost estimation calculations and results. The 

following risks will be detailed to clarify how they will impact the model and better understand 

how the model interacts with variables related to this group. 

 

G1- Public Opposition to Projects 

 

The public opposition at the preconstruction stage is rare after project selection 

(Alzahrani 2015; Wu, Olson & Birge 2011; Chowdhury, Sharma & Platz 2016). If the project 

is executed to follow specific requirements resulting from solving the challenge of public 

opposition to the desired project, then the construction stage should consider public impact 

regarding these requirements and consider the change of this impact. So, this risk should be in 

the final cost estimation model. 

 

G2- Uncompetitive Tender 

 

Having uncompetitive tenders risky at the project selection stage is critical and can 

increase costs (Alzahrani 2015; Wu, Olson & Birge 2011). However, this risk can appear at the 

time of requirements misunderstanding by suppliers. It will cause a decrease in suppliersô 

adequacy and show uncompetitive characteristics after starting construction stages. Therefore, 

the risk should be included in the final cost model. 
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G3- Level of Demand for the Project 

 

The demand level of projects in developing regions is essential. This important is to 

check if its completion will still need the project or not (Alzahrani 2015; Enezy et al. 2017). 

Nevertheless, the cost will vary based on the demand level over time. For example, if the 

demand level for the projectôs specification still there at the time of completion, then the cost 

will not be impacted (i.e., will not increase). On the other hand, if the demand changed to 

include other specifications or requirements (e.g., luxury-level), the process will change, and 

cost will increase. So, this risk should be included to have an accurate cost estimation model.   

 

G4- Land Acquisition 

 

According to researchers in cost and risk models of construction, land acquisition is 

vital to optimizing accuracy (Alzahrani 2015; Mills 2001; Kubba 2017). For example, if new 

developments are located in other people's places due to government carelessness in 

development and control, it is mandatory to compensate these owners before proceeding with 

the project. However, this process can be risky because it can delay, stop, or change activities 

during the construction stage. It is due to the conflicts and challenges between owners, legal 

requirements, and permissions. Thus, the risk should be included in the cost estimation model. 

 

G5- Competition Risk 

 

The competition on the projectôs type between clients can significantly increase the 

final cost (Alzahrani 2015; Iyer & Jha 2005; Hunter, Fitzgerald & Barlow 2014). For instance, 

more available clients competing on having the same project type will push contractors and 
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suppliers to increase costs to maximize their profit. Therefore, it is essential to include this risk 

in the final cost model.   

 

¶ Project Selection Risks Mapping 
 

After explaining each risk factor of Project Selection Risks, the relationship mapping 

in Figures 3-8 shows how risks are connected with the CAPEX variable in the proposed project 

whole life cycle cost estimation model. Therefore, based on this concept, data collection shall 

consider these connections to clearly understand what accurate risk weightage should be set. 

Therefore, it will be reflected in the collected data's validation process and the final cost model. 

 

 

 

 

 

 

 

 

H- Project Finance Risks 

 

Project Finance Risks are those risks taking place during the project construction stage. 

This group collects all related risks to include them with one mathematical and graphical 

relationship and reflect it in the modelôs final cost estimation calculations and results. Thus, 

the following risks will be detailed to clarify how they will impact the model and better 

understand how the model interacts with variables related to this group. 
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Figure 3-8: Project Selection Risks Mapping 

showing their interaction with each other in the 

proposed project whole life cycle cost estimation 

model. 
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H1-  Inaccurate Estimates 

 

The possibility of having inaccurate estimates of contract value by contractors is high 

and may change the actual costs at the end of the project (Alzahrani 2015; Salling & Leleur 

2015; Ali & Kamaruzzaman 2010; Flyvbjerg 2016; Flyvbjerg, Holm & Buhl 2002; Flyvbjerg 

2005; Skamris & Flyvbjerg 1996; Flyvbjerg et al. 2018). 

 

H2-  High Finance Cost 

 

Sometimes the construction finance cost is high for several reasons (Alzahrani 2015; 

Lovering, Nordhaus & Yip 2016; Levitt & Eriksson 2016). For example, if the finance rates 

change based on conditions made according to the project's specific progress or time frame and 

that progress and time have been changed because of other risks, the finance cost will be 

changed to include a higher rate client. 

 

H3-  High Bidding Costs 

 

The high bidding costs impact the actual cost estimates because of the inaccurate costs 

from the beginning of the project (Alzahrani 2015; Dikmen, Birgonul & Han 2007; Turskis 

2008). For example, risks of costs and financing will be higher, and the actual project value 

will be less than the paid amount in case of requiring more financial support to cover 

unnecessary costs. So, this will impact the net present value and the ability to complete the 

project investments. 
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H4-  Delay in Payment of Annuity 

 

The delay of paying the projectsô annuity or financed investment is having significant 

risk on the project lifecycle (Alzahrani 2015; El-Razek, Bassioni & Mobarak 2009; Frimpong, 

Oluwoye & Crawford 2003). However, it should be included in the final cost estimation model 

for more accurate results  

 

H5-  Financial Attrac tion of Project to Investors 

 

This risk is available if the competition starts between investors to have a higher profit 

margin (Alzahrani 2015; Ibn-Homaid & Tijani 2015; Sayed & Sawant 2015; Assad et al. 2007; 

Becchio et al. 2016). However, other risks will start to be adjusted and may be increasing due 

to this risk impact. The completion time frame is the main tool for activitiesô crashing and fast-

tracking to maximize projects' investment outcomes, which will change the final actual costs. 

Therefore, it will be included in this research's final cost model. 

 

H6-  Lack of Creditworthiness 

 

This risk varies in investments over time. It is based on the economy and the investor's 

economic status (Alzahrani 2015; Wu, Olson & Birge 2011; Akinyemi et al. 2009). Thus, it is 

high in some periods and low in other periods during the project execution, and it is not fully 

guaranteed that the high rates can be avoided at lack of creditworthiness time. Thus, this risk 

should be considered in the model. 
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H7-  Delay in Financial Closure 

 

The projectôs financial cost will be increasing until appropriate closure takes place 

successfully on time without delay (Alzahrani 2015; Abdul Rahman et al. 2013; Chowdhury, 

Sharma & Platz 2016). However, this risk depends on other factors such as the delay in closing 

the construction project during the final taking over, and the delay in closing struggling claims 

requires to be finalized at the end of the project. Therefore, this risk will be included in the final 

cost model. 

 

H8-  Inability to Service Debt 

 

The inability to service debts will increase the interest rates and increase investors' lack 

of creditworthiness (Alzahrani 2015; Akinyemi et al. 2009; Ibn-Homaid & Tijani 2015). 

Therefore, this risk should be considered in the final cost estimation model.  

 

H9-  Lack of Government Guarantees 

 

Sometimes the lack of government guarantees related to financial decisions such as tax 

regulations/change can add more risks to the project (Alzahrani 2015). This will appear in the 

final project's actual costs, and it will be included in this research's final cost model. 

 

H10-  Financer Unwilling to Take High Risk 

 

Sometimes financiers unwilling to take high risks in critical situations such as the 

economic crises in 2008 (Alzahrani 2015). This will cause finance to use more expensive 

sources than the regular financing entities (i.e., banks, financial companies, etc.). However, this 

will increase actual costs and have more interest rates. This risk will be included in the final 

cost model for this research study. 



 

Page 135 
 

¶ Finance Risks Mapping 

 

After explaining in detail each risk factor of Finance Risks, the relationship mapping in 

Figure 3-9 show how risks are connected with CAPEX variable in the proposed project whole 

life cycle cost estimation model. Therefore, based on this concept, data collection shall consider 

these connections to clearly understand what accurate risk weightage should be set. Therefore, 

it will be reflected in the validation process of collecting data and the final cost model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

I - Building Functionality and Serviceability Risks 

 

Building Functionality and Serviceability Risks are those risks taking place during the 

project construction stage. This group collects all related risks to include them with one 

mathematical and graphical relationship and reflect it in the modelôs final cost estimation 

calculations and results. Thus, the following risks will be detailed to clarify how they will 

impact the model and better understand how the model interacts with variables related to this 

group. 
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Figure 3-9: Finance Risks Mapping showing their interaction with each 

other in the proposed project whole life cycle cost estimation model.  
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I1- Construction Time Delay 

 

Researchers have proved that construction delay is connected significantly with the 

actual cost and cost estimation (Alzahrani 2015; James 2014; Aziz & Abdel-Hakam 2016; 

Williams 2003; Dikmen, Birgonul & Han 2007; Doloi 2012; Poh & Tah 2006; Acebesa et al. 

2013; Kamaruzzaman 2010).  However, this is going to impact the building functionality and 

serviceability due to the planned time compensation to finish the project on time over the aim 

of the project function (Alzahrani 2015; James 2014; Aziz & Abdel-Hakam 2016; Williams 

2003; Dikmen, Birgonul & Han 2007; Doloi 2012; Poh & Tah 2006; Acebesa et al. 2013; 

Kamaruzzaman 2010). Therefore, this risk should be considered in the estimation model to 

avoid cash flow bleeding.  

 

I2- Material Availability  

 

Researchers have proved that material availability risk is significant (Alzahrani 2015; 

Rahman et al. 2012; Hasançebi 2017; Love & Irani 2003; Guo & Sultan 2017).  It because of 

the ability to supply the full quantity of materials to the site. This risk might also appear because 

of the absence of required material specifications (Alzahrani 2015; Rahman et al. 2012; 

Hasançebi 2017; Love & Irani 2003; Guo & Sultan 2017). Finally, materials availability over 

time will be based on dif ferent market costs (Alzahrani 2015; Rahman et al. 2012; Hasançebi 

2017; Love & Irani 2003; Guo & Sultan 2017). Therefore, this risk is not avoidable and must 

be included in the final cost estimation model. 
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I3- Labour Availability  

 

Researchers proved that labour availability risk is significant on cost change (Alzahrani 

2015; Santos et al. 2017; Sayed & Sawant 2015; Battistoni et al. 2016; Signor et al. 2016; Doloi 

2012; Florio & Sirtori 2016; West, Kreuter & Jaenichen 2013). It is because of having specific 

skilled labour speciality that should come from certain regions and require special recruitment 

at the time of construction; however, it may happen because of wadge changes and job security 

requirements (Alzahrani 2015; Santos et al. 2017; Sayed & Sawant 2015; Battistoni et al. 2016; 

Signor et al. 2016; Doloi 2012; Florio & Sirtori 2016; West, Kreuter & Jaenichen 2013). The 

un-availability of labours in the United Arab Emirates is rare due to extreme facilitation to have 

laboured from dif ferent places in the world without limits.  

 

I4- Poor Quality of Workmanship 

 

The quality of workmanship impact acceptable progress and time of successfully 

completing the project; thus, researchers agreed that it is significant (Alzahrani 2015; Watson, 

Pitt & Kavan 1998; Kazaz, Birgonul & Ulubeyli 2005; Yasin et al. 1999; Love & Irani 2003). 

So, it is mandatory to include this risk in the final cost model of this study.  

 

I5- Default of Sub-Contractors or Suppliers 

 

The defaults of subcontractors create conflicts between the client and other stakeholders 

without being able to load the risk and its impact on specific stakeholder; however, this is due 

to the claims or arbitration between contractors and sub-contractors; therefore, this risk is 

significant, and it is mandatory to choose wisely the contractor who appropriately chooses his 

sub-contractors (Alzahrani 2015; Doloi 2011; Ramasesh & Browning 2014; Memon et al. 

2010; Iyer & Jha 2005). This risk will be included in the final cost estimation model.  
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I6- Design & Construction Complexity 

 

Understanding how to execute completed designs that require complex construction 

must have a high risk (Alzahrani 2015; Assad et al. 2007; Ramasesh & Browning 2014; 

Kamaruzzaman 2010; Doloi 2012; Chapman 1998). This is because changing people who work 

in the project will take time and increase the probability of executing works with mistakes if it 

is not appropriately managed (Alzahrani 2015; Assad et al. 2007; Ramasesh & Browning 2014; 

Kamaruzzaman 2010; Doloi 2012; Chapman 1998). Therefore, this significant risk frequently 

happens in projects and will be included in the final estimating model. 

 

I7- Design Deficiency 

 

Design can be approved at the projectôs initial stages and hit the fact of having 

deficiencies; however, this is a significant cost risk (Alzahrani 2015; Assad et al. 2007; 

Ramasesh & Browning 2014; Kamaruzzaman 2010; Doloi 2012; Chapman 1998). It can 

happen because of having the design in a foreign country that is not aware of the projectôs local 

or cultural requirements. Therefore, this risk is requiring attention and will be added to the final 

cost model. 

 

I8- Late Design Change 

 

The design changes can be mitigated within the project's execution unless it is late and 

delaying the project end date (Alzahrani 2015; Assad et al. 2007; Kamaruzzaman 2010; Doloi 

2012). However, the compensation of design change can be covered by the profit resulted from 

its value engineering. Therefore, most contractors approach design change at earlier stages of 

construction and face late design change. This risk will be added to the final cost model. 
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I9- Construction Technology Risk 

 

Construction technology contributes significantly to completing complex projects 

accurately within the acceptable time frame (Alzahrani 2015; Doloi 2012; James 2014; Schieg 

2010). However, this can be risky if the technology is very new and faced several negative 

side-effects; thus, it can reflect lower progress and quality while increasing costs. The 

complexity of used technologies can be a challenge as well. Therefore, this risk should be 

included in the cost model for this research study.  

 

I10- Contractual Risk 

 

In the contractual construction risk, stakeholdersô game transfers risks to other parties 

rather than taking it by themselves (Alzahrani 2015; Xu & Moon 2013; Wu, Olson & Birge 

2011). However, the variations in the middle of the construction can return some risks to 

stakeholders, and this study is concerned about the risks that the client takes in developing 

residential buildings. 

 

I11- Contractor Failure  

 

Contractorsô failure is usually because of indirect unpreventable causes; however, 

researchers decided that this risk is significant and should be considered to measure the 

remaining risks accurately (Alzahrani 2015; Williams 2003). It will be added to the final cost 

estimation model. 
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I12- Quality Risk  

 

The quality of material used in the construction stage is a client concern more than 

contractorsô concern (Alzahrani 2015; Watson, Pitt & Kavan 1998; Kazaz, Birgonul & 

Ulubeyli 2005; Yasin et al. 1999; Willis & Willis 1995). This is due to the risk of shifting the 

project from contractors to clients after worksô completion. However, quality is the degree of 

meeting the projectôs requirements, which will be added to the final cost estimation model. 

 

¶ Building Functionality and Serviceability Risks Mapping 
 

After explaining in detail each risk factor of Building Functionality and Serviceability 

Risks, the relationship mapping in Figure 3-10 show how risks are connected with CAPEX 

variable in the proposed project whole life cycle cost estimation model. Therefore, based on 

this concept, data collection shall consider these connections to clearly understand what 

accurate risk weightage should be set. Therefore, it will be reflected in the validation process 

of collecting data and the final cost model. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-10: Building Functionality and Serviceability Risks Mapping 

showing their interaction with each other in the proposed project whole 

life cycle cost estimation model.   
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J- Stakeholders Relationship Risks 

 

The Stakeholders Relationship Risks are those risks taking place during the project 

construction stage. This group collects all related risks to include them with one mathematical 

and graphical relationship and reflect it in the modelôs final cost estimation calculations and 

results. Thus, the following risks will be detailed to clarify how they will impact the model and 

better understand how the model interacts with variables related to this group. 

 

J1- Different Working Method Between Partners 

 

Managing stakeholdersô requirements is a significant risk, including methods and needs 

to control and deliver their outputs. Thus, the risk management approach/method will require 

to be included in the final cost estimation model (Alzahrani 2015). 

 

J2- Inadequate Experience in Residential Projects 

 

Each stakeholder's experience in a similar project must be adequate and meet the 

satisfaction level based on approved specifications and execution criteria (Alzahrani 2015; 

Yusof et al. 2016; Abdul-Rahman et al. 2013; Aziz & Abdel-Hakam 2016). However, hidden 

stakeholders dealing with contractors (i.e., suppliers, sub-contractors) may not have the 

required experience, impacting the progress, quality, and project execution time. Thus, this risk 

will be added to the final cost estimation model. 
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J3- Lack of Commitment from Public/Private Sector 

 

The improper commitment between the public and private sectors regarding their 

obligations toward the development project may create a failure or significant damage to the 

expected deliverables (Alzahrani 2015; Nelson 2008; Chowdhury, Sharma & Platz 2016). 

However, all concerned stakeholders usually consider this risk, except that the risk deviation 

from accurate measures is available and should be included in the final cost model. 

 

J4- Organization and Coordination Risk 

 

As a client, the organization, coordination, and management of stakeholders have been 

identified by researchers as a significant risk (Alzahrani 2015). It will be included in this 

research study's final cost estimation model. 

 

J5- Inadequate Distribution of Responsibility & Risk 

 

At the pre-construction stage, all stakeholders work hard on distributing the 

responsibility and risks to satisfy their good during project completion (Alzahrani 2015; 

Dillman et al. 2009; Friedler & Pisanty 2006; Matto & Sippola 2016; Naderpajouh & Hastak 

2014; Chowdhury, Sharma & Platz 2016; Abdel-Razek, Bassioni & Mobarak 2009). 

Nevertheless, the inadequate risk allocations between stakeholders make a significant change 

in the cost if the risk is allocated to other parties than the responsible one of making decisions; 

therefore, this will create conflict and a tendency for variations to re-allocate these risks. Thus, 

this risk will be included in the final cost estimation model. 
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J6- Inadequate Negotiation Period Before Initiation  

 

The period of negotiation should be adequate to avoid missing essential considerations 

while allocating the risks and finalize the construction cost estimation (Alzahrani 2015; Eden, 

Williams & Ackermann 2005; Zhao, Chen & Thomson 2017; Johnsen, Howard & Miemczyk 

2009; Poucke, Matthyssens & Weeren 2016; Levitt & Eriksson 2016; Toor & Ogunlana 2009). 

It is significantly essential to enhance the control cost bleeding and variations during 

construction (Alzahrani 2015). Hence, this risk will be included in the final cost estimation 

model.  

 

J7- Conflict Between Project's Participants 

 

The appropriate management of conflict between project parties improves the flow of 

planned progress over time within estimated cash flows (Alzahrani 2015). Also, it will help in 

satisfying the approved requirements and specifications (Alzahrani 2015). Therefore, this risk 

will be included in the final cost estimation model. 

 

J8- Workers Strike  

 

Workers strike are rare in the United Arab Emirates; however, since UAE is one of the 

most capable countries in adapting to change, it is essential to include this risk factor because 

of the quantity of international labour in the United Arab Emirates from deferent cultures and 

religions. Researchers proved that this risk is significant (Alzahrani 2015; Iyer & Jha 2005; 

Odeyinka, Lowe & Kaka 2013; Abdel-Razek, Bassioni & Mobarak 2009). Thus, this research 

study will include it in the final cost estimation model. 
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J9- Cultural Differences Between Main Stakeholders 

 

This risk factor starts in any project, including forming, storming, norming, performing 

(Alzahrani 2015; PMBOK 6th Ed. 2017). The appropriate management of stakeholders 

minimizes this risk; however, some challenges appear when stakeholder personals are replaced 

during the project period (Liu et al. 2012; Ramasesh & Browning 2014; Modell 2005; Cassell 

& Symon 2004; Tsang 2014). Thus, this may change the cost and should be in the final cost 

model. 

 

¶ Stakeholders Relationship Risks Mapping 
 

After explaining in detail each risk factor of Stakeholders Relationship Risks, the 

relationship mapping in Figure 3-11 show how risks are connected and with CAPEX variable 

in the proposed project whole life cycle cost estimation model. Therefore, based on this 

concept, data collection shall consider these connections to clearly understand what accurate 

risk weightage should be set. Therefore, it will be reflected in the validation process of 

collecting data and the final cost model. 
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Figure 3-11: Stakeholders Relationship Risks Mapping showing their 

interaction with each other in the proposed project whole life cycle 

cost estimation model.   
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K- Knowledge Risks 

 

Knowledge Risks are those risks taking place during the project construction stage. This 

group collects all related risks to include them with one mathematical and graphical 

relationship and reflect it in the modelôs final cost estimation calculations and results. Thus, 

the following risks will be detailed to clarify how they will impact the model and better 

understand how the model interacts with this group's variables. 

 

K1- Expertise 

 

Expertise within the technical and managerial disciplines is essential throughout the 

projectôs life cycle (Ahiaga-Dagbui 2014; Linderman & Chandrasekaran 2010; Liu et al. 2012). 

The risk of changing them will impact expertise experience implementation on the projectôs 

challenges. Thus, it is impacting the cost and should be included in the final cost estimation 

model. 

 

K2- Familiarities  

 

Being familiar with a similar project before starting new development increases cost 

estimation optimisation, but the risk of finding cost familiarities to estimate the final actual cost 

exists (Osei-Fosu 2014; Bari et al. 2012; Mehran 2016). Therefore, this risk is significant and 

should be included in the final cost estimation model. 

 

K3- Number of Bidders 

 

Knowing the expected number of bidders impact the competition and tendersô costs; 

therefore, this risk will be added in the final cost estimation model (Asal 2014; Baloi & Price 

2003; Levitt & Eriksson 2016; Wu, Olson & Birge 2011; Elhag, Boussabaine & Ballal 2005). 



 

Page 146 
 

K4- Market Conditions  

 

Knowing the market condition based on historical data and forecast the future 

conditions are being done by the client to study the investments return and costs (Boussabaine 

& Kirkham 2004; Cheng 2014; Torp et al. 2016; Torriti 2012). However, the risk occurrence 

probability and impact exist and should be covered by the final cost estimation model.   

 

K5- Size of the Project 

 

Knowing the projectôs size is based on several criteria, such as the complexity, built 

area, facilities, and technology (Boussabaine & Kirkham 2004). Hence, the risk of changing 

the knowing criteria can impact the decisions made based on expected costs (Boussabaine & 

Kirkham 2004; García et al. 2016; Bari et al. 2012; Toor & Ogunlana 2009; Shehu et al. 2014). 

So, this risk should be added in the final system dynamics cost estimation model.   

 

K6- Type of Building 

 

The type of building in this research study is residential; however, this type has sub-

types such as low rise buildings, medium-rise building, high rise buildings, individual villas, 

and compound housing mega-projects (Boussabaine & Kirkham 2004; Zakis, Zakis & 

Arfridsson 2017; Wibowo 2015; Odeyinka, Lowe & Kaka 2013). However, each type and sub-

type is having its impacting criteria on risks and costs. Therefore, this risk will be added to the 

final cost estimation model.  
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K7- Extent of Database 

 

The error of having cost deviation will be less tolerant if clients have a more extensive 

database related to the projectôs different knowledge (Boussabaine & Kirkham 2004; Florio, 

Forte & Sirtori 2016; Florio & Sirtori 2016; Hamaker & Componation 2005). However, this 

risk factor impacts forecasted costs and should be added to the final cost estimation model.  

 

K8- Homogeneity of Samples 

 

The homogeneity of samples is decreasing the standard deviation of the forecasting 

expected trend (Ahiaga-Dagbui 2014). Thus, it is essential to adopt this risk factor in the final 

system dynamics cost model to end with more accurate outputs.  

 

K9- Details of Information 

 

The received detailed information about each projectôs knowledge topic optimizes 

customized cost estimation modelling based on the desired changes in the future (Alzahrani 

2015; Love et al. 2002; Cheung et al. 2012). Thus, information details accuracy risk should be 

included in this research cost estimation model.  

 

¶ Knowledge Risks Mapping 

 

After explaining in detail each risk factor of Knowledge Risks, the relationship mapping 

in Figure 3-12 show how risks are connected with CAPEX variable in the proposed project 

whole life cycle cost estimation model. Therefore, based on this concept, data collection shall 

consider these connections to understand what accurate risk weightage should be set clearly. 

Thus, it will be reflected in the validation process of collecting data and the final cost model. 
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3.2 OPEX Risks 

 

Operational expenditure clusters and factors will be discussed and detailed to explain 

how they impact this research system dynamics final cost estimation model. The connection 

between these factors will be mapped and described in the same form they will interact with 

each other in the expected cost estimation and cash flow model. Therefore, there are 15 risks 

in one group (i.e., OPEX Activities Risks) including Energy Costs, Service Life of Building 

Components, Building Componentsô Eco-Costs, Asset Operation Eco-Costs, Disposal Eco-

Costs, Componentsô Deterioration Rate, Fabric Maintenance, Services, Equipmentôs 

Maintenance, Overheads, Utilities, Cleaning, Percentage of Current Replacement Value, Ratio 

of Maintenance to Capital Cost, and Ratio of Operation to Capital Cost. 

OPEX Activities Risks are those risks that are taking place through the operational 

project stage. This group collects all related risks to include them with one mathematical and 

graphical relationship and reflect it in the modelôs final cost estimation calculations and results. 

Figure 3-12: Knowledge Risks Mapping showing their 

interaction with each other in the proposed project whole 

life cycle cost estimation model. 

Knowledge
Type of Building

Extent of Database

Homogeneity of

Samples

Size of the Project

Market Conditions

Number of

Bidders Familiarities

Details of

Information

Expertise

CAPEX



 

Page 149 
 

The following risks will be detailed to clarify how they will impact the model and better 

understand how the model interacts with variables related to this group. 

 

O1- Energy Costs 

 

Energy cost change risk is critical in estimating projects full  lifecycle costs. However, 

energy cost is weighted in operational expenditures more than capital expenditures (Jang 2011; 

Alzahrani 2015). However, this will change according to several other factors such as inflation, 

delay, time frame, technology, and environmental requirements (Jang 2011; Alzahrani 2015; 

Kleyner & Sandborn 2008; Sharma, Najafi & Qasim 2013). Energy cost is not necessary to 

change in the same expected pattern. Therefore, this risk must be added to the final cost 

estimation model (Jang 2011; Alzahrani 2015; Kleyner & Sandborn 2008; Sharma, Najafi & 

Qasim 2013). 

 

O2- Service Life of Building Components 

 

The service life of building components is impacted by the quality of used materials 

and workmanship; however, the risk of not having as-built calculated and expected cost is 

significant according to researchers and should be included in this research cost estimation 

model (Boussabaine & Kirkham 2004; Spickova & Myskova 2015). 
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O3- Building Componentsô Eco-Costs 

 

Eco-costs of each component are the mandatory costs to reduce a negative impact on 

the environment (Boussabaine & Kirkham 2004). For example, the eco-cost will increase 

during operating the facility if the building components cause a more negative impact on the 

environment. Thus, it is essential to consider this risk due to the unexpected actual eco-costs.    

 

O4- Asset Operation Eco-Costs 

 

Assets operational eco-costs in buildings require adjusting risk factors to consider any 

unexpected eco-costs; however, smart building systems help optimize assets operations costs 

(Boussabaine & Kirkham 2004; Asif 2016). Thus, it is going to be added to this research system 

dynamics cost estimation model.  

 

O5- Disposal Eco-Costs 

 

The operational disposals eco-cost is changing over time unsystematically because of 

the changes in environmental regulations required for buildings operations (Boussabaine & 

Kirkham 2004; Sydor et al. 2014; Zakis, Zakis & Arfridsson 2017; Ballarini et al. 2017). Thus, 

it must include the risk of cost changing in this factor to optimize the cost estimation model. 

 

O6- Componentsô Deterioration Rate 

 

This risk reflects how the building execution was completed by forecasting 

deterioration and checking its accuracy against actual deterioration cost rate (Boussabaine & 

Kirkham 2004; Abanda & Cheung 2013; Babashamsi et al. 2016; Wang, Xia & Zhang 2014). 
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However, this significant risk relates to the lifecycle time, and it should be included in the final 

cost estimation model.  

 

O7- Fabric Maintenance 

 

Fabric maintenance cost is based on consumption and replacement of those fabrics; 

however, researchers agreed that Fabric Maintenance risk impacts cost modelling (Boussabaine 

& Kirkham 2004). Thus, it will be added to the final cost estimation model. 

 

O8- Services 

 

Services cost is happening because of the deviation between expected cost and 

unexpected actual cost when renewing or changing the service contracts (Boussabaine & 

Kirkham 2004). Therefore, since the model covers the operation expenditure of the project's 

whole life cycle for tens of years, it is essential to include this risk in the cost estimation model.  

 

O9- Equipmentôs Maintenance 

 

Following the same concept of services risks, equipment maintenance cost changes 

over time and requires additional cost estimation (Boussabaine & Kirkham 2004; Abdallah 

2007; Willis & Willis 1995; Wu, Olson & Birge 2011). However, it cannot be added with the 

service risks because the criteria and contract duration change over time with dif ferent 

percentages. 
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O10- Overheads 

 

Managing facilities and buildings operations have mandatory overheads; however, the 

overhead costs are based on many other risk factors mentioned above (Boussabaine & Kirkham 

2004; Seo & Park 2017; Wilke 2005). The overhead risks are including the human resources 

wages, fixed rents, and other indirect operational costs (Boussabaine & Kirkham 2004; Seo & 

Park 2017; Wilke 2005). Thus, overhead can change the cost with different weightage from 

what is mentioned in other risks. It should be included separately in the cost model to improve 

the cost prediction accuracy (Boussabaine & Kirkham 2004; Seo & Park 2017; Wilke 2005). 

 

O11- Utilities  

 

The utilities of residential buildings can be adjusted over time, especially after changing 

the equipment during the operational stage; however, this cost change rate is not fixed and 

require to be included in the final cost estimation model (Boussabaine & Kirkham 2004; 

Donovan & Corbishley 2016; McLean & McGovern 2017; Asif 2016). 

 

O12- Cleaning 

 

The cleaning risk is based can have deferent requirements for the same residential 

project through time and situations; for example, after having Coronavirus 2019 (i.e., 

COVID19), cases started to appear in the United Arab Emirates, and cleaning/sterilization 

started to follow too high requirements and criteria as minimum legal health requirements. This 

changed the cost of all cleaning materials, equipment, and labour skills required for operations 

(Boussabaine & Kirkham 2004; Abu Dhabi Ministry of Health and Population 2020; Rahman 
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et al. 2012; Cai et al. 2016; Cassettari et al. 2016; Spickova & Myskova 2015). However, this 

risk will be included in the final cost estimation system dynamics model. 

 

O13- Percentage of Current Replacement Value 

 

The usual percentage of current replacement values (CRV) to the present aggregate 

replacement value for all concerned facilities excluding its infrastructure is between 2% to 4% 

(National Research Council 2006; Terracon-Consultant 2019). However, this percentage 

determines the budget of optimum maintenance and repair costs during the operation stage 

(Boussabaine & Kirkham 2004; Becchio et al. 2016; Rodrigues & Freire 2017; Akter, Mahmud 

& Oo 2017). It is controlling additional investments (i.e., CAPEX) implemented if the 

percentage increased. The additional investment is essential to bring increased CRV within an 

acceptable percentage. Thus, this risk is required to be included in the final cost estimation 

model. 

 

O14- Ratio of Maintenance to Capital Cost 

 

The ratio of maintenance to capital cost is significant because it impacts investment 

return decisions (Boussabaine & Kirkham 2004). For instance, if the percentage of the facilityôs 

maintenance is more than 5%, then it means that there is a big issue in CAPEX investments, 

including quality of workmanship, reliability, and the specifications of that equipment (Wu, 

Olson & Birge 2011). Therefore, the risk of not having this ratio as required at the time of 

estimating the projectôs full  life cycle cost at the pre-construction stage has to be included in 

the final cost estimation model. 
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O15- Ratio of Operation to Capital Cost 

 

Finally, it is essential to include the Ratio of Operation to Capital Cost because the 

estimation will be at the pre-construction stage (Boussabaine & Kirkham 2004). However, the 

project can finance its costs (i.e., finance debts), and it can afford financing other projects if 

the ratio is equal to 1 or more; on the other hand, the operation is requiring extra funds to 

maintain during the projectôs whole life cycle if this ratio is less than one (Wu, Olson & Birge 

2011). Thus, this risk is required to be included in the final cost estimation model. 

 

¶ OPEX Activities Risks Mapping 
 

After explaining in detail, each risk factor of OPEX Activities Risks, the relationship 

mapping in Figure 3-13 shows how risks are connected and with the OPEX Activates variable 

in the proposed project whole life cycle cost estimation model. Therefore, based on this 

concept, data collection shall consider these connections to understand what accurate risk 

weightage should be set clearly. Therefore, it will be reflected in the validation process of 

collecting data and the final cost model. 
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Figure 3-13: Operational Activities Risks Mapping showing 

their interaction with each other in the proposed project whole 

life cycle cost estimation model. 
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3.3 Design, Equipment Replacement, and Demolition Variables 

 

This model's design variable represents the first value entering the CAPEX-OPEX 

system dynamics model; nevertheless, this value is equal to the construction contract total value 

and will go through all risksô adjustments until it reaches the final estimated cost value as shown 

in Figure 3-14.  

The design value in the United Arab Emirates is equal to 2% of the construction contract 

total value in case of designing one residential villa/building, and equal to 2% of the 

construction contract unit value plus 1% of the construction contract unit value for each 

additional unit (i.e., villa/building). This value has been extracted from the standard consultant 

design contracts provided by home banking and financier institutes such as First Gulf Bank 

(2010) and First Abu Dhabi Bank (2017). In this research study, housing projects were used 

for model validation; however, in UAE, housing projects are given to contractors based on 

Design-Build contracts. Thus, in this research, the design cost is included in the construction 

contract's total value at the tender stage. Construction supervision consultant cost is included 

with the construction contract total value; however, its related risks are embedded in the 

CAPEX system dynamics model. This part's limitation is that the design stage has many risks 

and variables impacting the final design cost on design consultants; however, these design risks 

fall on consultants only and not from clientsô perspectives. Therefore, the design is assumed to 

smooth and completed on time, while its possible faultsô risks are considered during CAPEX 

and OPEX, as mentioned in the previous section of this study. Finally, the design variable is 

significant to be included in the final cost estimation model, and its value can be adjusted based 

on the project and contract types (Assad et al. 2007; Ramasesh & Browning 2014; 

Kamaruzzaman 2010; Doloi 2012; Chapman 1998). 
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Equipment replacement value is a mandatory step to have an accurate final estimated 

cost value. Researchers proved that this variable is important because it will cost additional 

CAPEX pulses every 25 years (Riley et al. 2005; Macek & Dobias 2014; Wu & Clements-

Croome 2007). These pulses are equal to the cost of new equipment sets, considering inflation 

and new technologies at each replacement's time (Riley et al. 2005; Macek & Dobias 2014; 

Wu & Clements-Croome 2007). More calculation details will be provided in the following 

chapters. Therefore, Equipment replacement cost is high and will be included in the final cost 

estimation model. 

Demolition is the last step of the residential project whole life cycle cost estimation 

modelling. From the literature, researchers proved that the demolition variable is essential for 

any project's whole life cycle assessment, analysis, or modelling (Han, Srebric & Enache-

Pommer 2014; Yuan et al. 2011; Zahir 2015; Doan & Chinda 2016). In this research, residential 

projectôs whole life cycle timespan is equal to 60 years; however, most projectôs life cycle 

studies included the timespan to be between 14 to 60 years (Hurt & Schrock 2016; Geissmann 

2017; Han, Srebric & Enache-Pommer 2014; Yuan et al. 2011). Therefore, this study will set 

the final cost estimation modelling timespan to 60 years from the design until demolition, 

including CAPEX and OPEX modelling. It will divide each year into 8 time-steps instead of 

12. This is to keep the confidentiality of each monthly project payment used in this study. 

Previous research, focusing on project critical success factorsô mathematical modelling, 

decided to set the construction period equal to 3 years (García et al. 2016). However, the used 

housing projects in verifying the final cost estimation model have a construction period of 36 

months fixed by Abu Dhabi government executive council circular (Abu Dhabi-Government 

2015). Therefore, this study model's construction period will be set as three years with eight 

timesteps each year as justified previously. Finally, previous research proved that demolition 
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NPV is too low and can be neglected if the project's whole life cycle equal to or more than 60 

years, as shown in Figure 3-14 (Han, Srebric & Enache-Pommer 2014). Therefore, demolition 

in this research study will not have calculations in VENSIM model analysis, but its cost impact 

debates will be discussed separately. However, it is not likely to see any total value difference 

between adding and removing it from the model. In the United Arab Emirates, municipalities 

set the minimum requirements of the reinforced concrete structure to have 50 years lifespan for 

normal buildings and 100 years for mega-projects (i.e., more than 1 Billion) such as Burj 

Khalifa in Dubai (Dubai-Municipality 2020). The Dubai municipality is also researching with 

UAE University about raising the lifespan of normal building from 50 years to between 75 

and100 years (Dubai-Municipality 2020). In this research study, demolition calculation 

modelling is not expected to impact negatively (i.e., error) on the final cost estimation accuracy. 

This statement is based on the facts extracted from the literature regarding demolition's low 

NPV with buildingôs long lifespan and researchers trying to profit from demolition activities 

instead of affording costs (Han, Srebric & Enache-Pommer 2014; Abanda, Kamsu-Foguem & 

Tah 2017; Doan & Chinda 2016). Besides, most housing projects are considered mega-projects 

due to its high cost and the UAE government's new directions to increase the buildingôs lifespan 

(Dubai-Municipality 2020). 

 

 

 

 

 

 

 

Figure 3-14: projectôs whole life cycle NPV over 60 years showing that demolition costs will 

not impact the cost model based on long lifespan (Han, Srebric & Enache-Pommer 2014). 
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3.4 CAPEX-OPEX Risks Mapping 

 

Finally, CAPEX-OPEX Risks Mapping can be sketched and connected, as shown in 

Figure 3-15 based on the previously explained relationships in this chapter. However, this 

sketch is conceptual will be used in building the System dynamics model. Therefore, the 

mathematical model (i.e., Equations) and the validated data (i.e., adjusted SPSS results by 

Monte-Carlo simulation) will be inputs of the final system dynamics cost estimation model 

(i.e., VENSIM Model). This model will cover each variable and simulate all variables' 

interactions to produce final accurate outputs. It is including detailed cash flows over the 

project's whole life cycle, detailed CAPEX and OPEX Cost estimation for each time step, and 

the final total cost of the project in cash spent and net present value (NPV).  

 

3.5 Summary 

 

To sum up, this chapter included the process of identifying and mapping each variable  

existing in the final system's dynamics cost estimation model. These variables included 

CAPEX and OPEX required risks for adjusting the project construction contract value resulted 

from the design stage. Chapter 3 presented how other variables have been included in the final 

system dynamics model, such as NPV, design, Equipment-Replacement, and demolition. The 

completed model skeleton is based on time and needs a specific timespan before running any 

analysis. This chapter defined the period of CAPEX (3 years), OPEX (57 years), and TOTEX 

(60 years). Therefore, the full model mapping graph is viewed in Figure 3-15, and it will be 

used based on the defined timespans. The methodology, analysis, discussion, and conclusion 

will be presented in the following chapters of this research study.    
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Figure 3-15: Final cost estimation model mapping including both CAPEX and OPEX Risks from design to 

demolition, showing their interaction with each other in the proposed project whole life cycle cost estimation 

model. 
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Chapter 4 

RESEARCH METHODOLOGY 

 

 

 

ñResearch is formalized curiosity. It is 

poking and prying with a purposeò. 

(Boncz et al. 2017, p.8) 



 

Page 161 
 

4.0 Introduction  

 

In the research methodology chapter, the research method will consider all aspects, 

factors, and procedures for conducting this research from start to end. This is done by verifying 

and explaining why the selected approach (i.e., quantitative) is the most optimum to satisfy this 

research requirement. Therefore, each approach will be presented in this chapter. It will include 

using each approach in research and selecting/discarding each of them concerning this research 

study. Justification and references will clarify doubts and provide a solid understanding of these 

research process and outcomes. However, the selected approach (i.e., quantitative) will be 

detailed to include each research stage applicationôs methodology. Data collection and 

validation methodology will be detailed. Then, cost estimating system dynamics modelling, 

and simulation methodology will be detailed. Finally, the system dynamics model validation 

and discussion methodology will be detailed. The summary of this chapter will explain how 

this research study answers its research questions. The research questions are: 

1- What are the risksô values of UAE residential projectôs whole life cycle cost estimation? 

2- How to model mathematically and graphically map all identified and verified risks? 

3- How to approach modelling cost estimation dynamics through time, including cash 

flow, for UAE residential building projectsô whole life cycle? 

 

4.1 Quantitative Research Approach 

 

Research quantitative approach aims to extract the values in a statistical numerical 

shape, rather than informational and descriptive data (Golafshani 2003; Meredith 1998; 

Hancock 1998; Whetten 1989; Eisenhardt 1991). It is valuable for researchers interested in 

testing hypothetical generalization (Golafshani 2003; Jick 1979). Logical positivism 
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researchers use quantitative approaches to optimize their outcomes (Golafshani 2003). A 

quantitative research approach is desirable if the conducted research requires variable causal 

relationship analysis (Golafshani 2003). It is used to develop mathematical models and/or 

develop measurement analysis models (Meredith 1998; Hancock 1998; Whetten 1989; 

Eisenhardt 1991). However, it can be used for any proposes related to experiments testing, pure 

mathematical/statistical testing/sampling, obtaining the yield point, and other hypothetical 

objectives dealing with variables (Meredith 1998; Hancock 1998; Whetten 1989; Eisenhardt 

1991; Mindrila & Balentyne 2014; Ruppert et al. 2016).  

Quantitative research results reliability is based on three main types. First, the statistical 

significance test of quantitative results is deciding the repeatability or replicability of these 

results during a particular period; second, measurement stability is an important type for testing 

quantitative results reliability (Golafshani 2003). This means that stable measurements over 

time are more reliable than unstable measurements (Golafshani 2003; Rungtusanatham et al. 

2003; Sauro & Lewis 2012; Mohd et al. 2015). Stability (i.e., strength) can be defined as the 

correlation between 2 separate readings of the same subject (Vanderwal et al. 2021; Francis 

1991). Third, the similarity type of reliability can be defined as the average correlation of 

readings within a given condition (Vanderwal et al., 2021; Francis, 1991). Correlation is 

defined as the measurement of a specific pattern of association (Wild 2014). However, the 

association occurs when a scatterplot takes a pattern between two numerical variables (Wild 

2014). Figure 4-1 shows that association examples are represented to clarify strong, weak, 

positive, and negative patterns (Wild 2014). Also, in Figures 4-1 and 4-2, correlation measures 

examples provide a better understanding of this research data reliability approach (Wild 2014). 

Correlation values range between +1 and -1 (Ratner 2009; Wild 2014; DeSoto & Roediger 

2014).  
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The validity of quantitative research is based on the final useability and accuracy 

(Golafshani 2003; Almquist, Ashir & Brännström 2014). According to positivists, validity can 

be quantified based on testing the mathematical and measurement models to check if the 

research outputs can measure what it is intended to measure (Golafshani 2003). Moreover, to 

check if the research results accuracy is truthful and able to provide close results to actual true 

values (Golafshani 2003).    

Figure 4-2: Correlation clarifying examples (Wild 2014). 

 

Figure 4-1: Association clarifying examples (Wild 2014). 
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Therefore, this research methodology is designed to be based solely on a quantitative 

approach. There are several reasons for this choice, which will be presented and detailed for 

better understanding. First, this study aims to model the projectôs whole life cycle costs from 

the design to demolish, including its cash flow and its estimated values at each time step. This 

requires having exact numbers and values. Second, this research objective is to develop the 

first system dynamics cost estimation model using VENSIM software. This model is based on 

simulating linear and nonlinear mathematical modelling concerning the researcher's time steps. 

The simulation will provide accurate numerical results of the projectôs cost at each defined time 

step across its whole life cycle. Third, the research questions require pure numerical answers 

to deliver the objectiveôs outputs.  

 

4.2 Qualitative Research Approach 

 

The qualitative research approach is based on non-numerical information systems that 

usually develop a theory with practices or systematically describe observations for better 

understanding (Golafshani 2003; Eisenhardt 2002; Qu & Dumay 2011; Cassell & Symon 2004; 

Nastasi & Schensul 2005; Binder & Edwards 2010; Santos et al. 2017; Kvale 2005; Avison et 

al. 1999; Eisenhardt 1989). It is used to study behaviour observation, descriptive information, 

case studies, phenomenon, and non-numerical real-world settings (Golafshani 2003; 

Eisenhardt 2002; Qu & Dumay 2011; Cassell & Symon 2004; Nastasi & Schensul 2005; Binder 

& Edwards 2010; Santos et al. 2017; Kvale 2005; Stuart 2002; Avison et al. 1999; Eisenhardt 

1989). The qualitative approach aims to provide the naturalist interpretive paradigm 

(Golafshani 2003; Walsham 1995; Nastasi & Schensul 2005; Ostlund et al. 2011; Osigweh 

1989; Bacharach 1989). The qualitative most effective techniques used in gathering data and 

collecting valid information from the audience are questionnaires and interviews (DiCicco-
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Bloom & Crabtree 2006; Dillman, Sinclair & Clark 1993; Ireland, Clough & Day 2017; 

Hammersley 2003). Thus, those collecting data tools are necessary for getting information 

about a specific topic or subject (Banihashemi et al. 2017; Kvale 1983). It can be classified or 

grouped based on homogeneity or heterogeneity of data nature, objectives aims, or other 

classification criteria such as change/success factors (Banihashemi et al. 2017; Kvale 1983). In 

this research, the qualitative approach of data collection shall be adopted. This is due to the 

requirement of having mathematical-statistical modelling based on information classifications 

and understanding to build the final system dynamics cost estimation model successfully. 

However, many researchers found that qualitative research's reliability and validity are 

essential (Golafshani 2003). There is no difference between reliability and validity testing in 

qualitative research (Golafshani 2003). It is not like quantitative research in this regards. The 

reliability and validity testing in qualitative research is based on the researcherôs effort and 

ability to defend the qualitative outputs (Golafshani 2003). It has been agreed that qualitative 

research outputs are reliable and valid if it is defendable against opposite debates (Golafshani 

2003). In qualitative research, there is no validity without reliability (Golafshani 2003). The 

researcherôs successful defence to validate a qualitative research output is giving 

trustworthiness, and creditable results toward the specific subject area defended (Golafshani 

2003). If more generalization is required, the researcher should provide more defending ability 

and effort against all required validation subject areas (Golafshani 2003). Nevertheless, 

previous research declared and proved that the research would be no more qualitative if any 

measurement is used for testing qualitative research reliability or validity (Golafshani 2003). 

Therefore, this research study is purely quantitative and cannot be a mixed research method, 

even after using questionnaires and interviews to collect the required data. This is due to the 

measurable numerical approach of testing data reliability and validity in this research study.  
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4.3 Research Method 

 

Modelling is the research methodology in this study. It is designed and detailed based 

on a quantitative research approach as justified previously. Several required design stages in 

this research methodology will deliver reliable and valid modelling outputs (Scandura & 

Williams 2000). The research strategy, data collection, analysis, and validation methods will 

be detailed to clarify this research procedure and expected outputs.   

There are two strategies to answer these research question numerically. First, collecting 

and analysing numerical data quantitatively. Second, converting all qualitative (i.e., 

informative and descriptive) data to numerical values representing its meaning and weightage 

to use quantitative analysis approaches. Therefore, the following details will explain how these 

research questions have been answered quantitively: 

1- The answer for the first research question, (What are the risksô values of UAE 

residential projectôs whole life cycle cost estimation?), is accomplished following the 

second strategy. The first part in answering this research first question is based on 

identifying risks and gather informative and descriptive data from published literature 

and government reports as presented in chapter 3. It is essential to start with this step to 

shaping a clear understanding of each identified risk before any graphical relationship 

mapping. Risks descriptive information is used in this research as a manual of risksô 

understanding when collecting their values from professional experts. Hence, it is 

ensured that all experts provided their suggested values for each risk have the same 

understanding. Finally, accurately collected risk values are validated statistically using 

the SPSS software programme. 

2- The answer for the second research question, (How to model mathematically and 

graphically map all identified and verified risks?) is accomplished following the first 
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strategy. The numerical data collection stage will be ready after answering the first 

question. The values for each identified risk are expected to be within a specific range 

because experts providing these data will have a common understanding of each 

identified risk. Therefore, extreme values (i.e., outliers) can be identified and eliminated 

accordingly to avoid a negative impact on data accuracy. However, a graphical mapping 

relationship is representing the mathematical relationships between risks/factors within 

the model. It will be found that variables and arrows represent the inputs and outputs 

of system dynamics mathematical interactions. Using mathematical equations 

modelling for each risk group and utilize the verified risks as inputs of each equation 

will deliver an output value from each mapped group. Calculated output values can be 

used as inputs of another equation concerning arrows connections sequentially until it 

reaches the final modelôs aim and provides a detailed cash flow and final cost estimation 

of the projectôs whole life cycle.  

3- The answer for the third research question, (How to approach modelling cost estimation 

dynamics through time, including cash flow, for UAE residential building projectsô 

whole life cycle?), is accomplished following the first strategy. The mathematical 

relationships change over time between the modelôs variables. Over time, active and 

inactive relationships will trigger the equation change demand at certain timesteps 

through the projectôs model lifespan. Therefore, this research study selected system 

dynamics VENSIM Software programme. VENSIM software's ability to present 

modelling inputs and outputs graphically and control time-based equations 

implementation made it the most optimum modelling tool for this research study. For 

example, CAPEX risk impact is active only during the construction stage. Also, OPEX 

risk impact is active starting from the construction stage until demolition. Each CAPEX 
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accumulative riskôs impact is based on a declining S-curve over time from 100% impact 

at the start of construction until 0% impact at the second of construction completion. 

CAPEX cost will follow an increasing S-curve pattern during the construction stage 

from 0% impact at the beginning of construction until 100% after construction. On the 

other hand, each OPEX accumulating riskôs impact follows an increasing linear 

relationship over time starting from 0% at the end of construction until the last day of 

the projectôs whole life cycle (i.e., demolition). OPEX increasing accumulating costs 

follow a linear relationship from the end of construction until the projectôs demolition. 

During the projectôs operational stage, there will be pulse cost impacts of equipment 

replacement at specific time steps. Therefore, the projectôs whole life cycle costs and 

risks calculation need a mathematical mechanism to activate and deactivate their impact 

concerning time to end with accurate cost estimation results. The third research question 

will be satisfactorily answered by utilising time-based mathematical modelling using 

VENSIM software. This will consider all cost risk inputs over time to provide accurate 

values and graphical chart outputs for modelled projectôs whole lifecycle. However, the 

following parts will detail the methods used in this research, including data collection, 

data analysis, and model validation.   

 

4.3.1 Writing a L iterature Review  

 

A literature review is an essential practice of providing a coherent and comprehensive 

introduction in qualitative and quantitative research (Steward 2004). Literature review for 

research contribution and publication is the review made to criticise what has been completed 

and achieved by other researchers (Steward 2004). It is including the review of information, 

analysis, and conclusions of previous research (Steward 2004). Literature reviews have three 
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types if used for journals publications and knowledge contribution empirical research (Steward 

2004). First, the systematic literature review type aims to create a new database for analysis 

and provide proof before drawing any conclusion (Steward 2004). Quantitative research uses 

it to collect evidence and summarize them using statistical approaches before analysis (Steward 

2004). Researchers argued many literature reviews approaches (Kucan 2011; Steward 2004). 

However, they agreed that it creates research justification, describes research methodology, 

and explains research contribution (Kucan 2011; Steward 2004). This research study conducted 

a systematic literature review to collect evidence related to support and prove the research 

topic's validity, collected variables, and modelling approach. In chapter 2 of this thesis, a 

systematic literature review is done to criticise all collected evidence from previous research 

to validate the missing gaps and support the chosen research topic. The systematic literature 

review is also done to create a database of cost modelling approaches and cost modelling 

variables used in previously published research. The second type is Literature reviews as 

secondary data analysis research projects. This type is used to review secondary data other than 

the published literature (Steward 2004). For example, the second type is including reviewing 

thesis, dissertations, internal reports, conference papers, and formal unpublished documents 

(Steward 2004). It may include formal trusted documents/reports such as government and 

authorized licensed organizations reports (Steward 2004). This type of review is called an 

extended literature review (Steward 2004). This research study used this type of review to draw 

valid guidelines for collecting cost estimation modelling variables. For example, the trusted 

government published reports and trusted licensed research organizations documents are used 

to extract the minimum risks required to estimate project costs. The third type is Literature 

reviews as part of primary research projects (Steward 2004). It is used to map the study's broad 

context and explain the reasons for selecting the research questions (Steward 2004). From 
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previous research, it is mandatory to use this type of literature as a study introduction and as a 

base before results and dissections (Steward 2004).   

Empirical research (i.e., PhD research) overall literature review should be selective 

instead of exhaustive (Kucan 2011). Furthermore, it should be conceptual, not pure systematic 

(Kucan 2011). A conceptual literature review is an approach used to collect implications to 

design, analyse, and interpret successful conclusions (Kucan 2011). The systematic literature 

review should evolve conceptual literature reviews to conduct a successful study interpretation 

and generate new contributions (Kucan 2011). Therefore, this research conceptually reviewed 

the literature to end with an accurate adding value conclusion. 

A good literature review aims to provide the reader with a clear overview of evidence, 

debates, and themes used to justify the research questions and support interpretation (Steward 

2004). According to previous research, this research followed five steps to write a successful 

literature review (Rewhorn 2017). First, a researcher should survey literature by checking the 

introduction and conclusion to ensure its relevance to the chosen research topic (Rewhorn 

2017). Second, researchers should ask themselves questions about their initially collected 

literature (Rewhorn 2017). Those questions are intended to clarify what knowledge has been 

collected and must be collected to proceed with the review (Rewhorn 2017). Third, researchers 

should read the selected literature to identify their arguments and introduce the next readings 

(Rewhorn 2017). Fourth, it is essential to recall articles more than once to ensure accurate 

understanding and evaluate the differences, similarities, and relevance of collected articles and 

the research topic (Rewhorn 2017). Finally, researchers should review selected literature in 

their own words to highlight how these articles support the research topic and questions 

(Rewhorn 2017).   
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However, eight attributes should be in good literature reviews, as shown in table 4-1 

(Steward 2004; Kucan 2011; Rewhorn 2018).  Table 4-1 is summarizing how this research 

study adapted these attributes. 

 

SN 
Good literature 

review attributes 
Adaptation and implementation approach in this research study 

1 

ñComprehensive, 

collating evidence from 

all relevant disciplinesò. 

In chapter 2, relevant literature is covered to collect evidence supporting 

ideas and justify the research questions; relevant literature support gaps 

and knowledge contribution.  

2 

ñFully referenced, 

offering reliable access 

routes to the evidenceò. 

All used references are provided at the end of this research and included 

through the thesis as in-text citations. The referencing in this research is 

following Harvard Style. 

3 

ñSelective, using 

appropriate inclusion and 

exclusion criteria to 

identify key evidenceò. 

The selection of the literature review in this research study is based on four 

main areas to answer all research questions: 

1- Project Cost and Information Modelling.  

2- Project Cost, Economics & Profitability Modelling. 

3- Project Cost and Risk Interaction Modelling.  

4-  Project Cost Estimation and Modelling. 

5-  Research Methodologies. 

6-  Quantitative Research.  

4 

ñRelevant, focusing on 

data pertinent to the 

research questionò. 

This study conducts a relevant and focussing literature review, including 

all its types, based on the chosen area field of research. Therefore, literature 

should be related to the following focuses on satisfying this research topic 

requirement: 

1- Cost Estimation. 

2- Buildings and Construction Modelling. 

3- Projects Whole life cycle Modelling. 

4- Construction Risks and Costs.   

5- Operational Expenditure Cost and Risks. 

6- Mathematical Modelling. 

7- System Dynamics. 

8- VENSIM and SPSS Software Programmes. 

9- Research Methodology. 

10- Quantitative Analysis. 

Chosen literature will support this research interpretation, data collection, 

analysis, and discussion to successfully answer all research questions.  

5 
ñA synthesis of ideas and 

key themesò. 

The ideas handled in this research are based on providing a solid 

supporting background of the research area. Provide the latest research 

outputs and contributions to the body of knowledge. Identify all critical 

contribution and optimum solutions which can be used in this research 

study.  Finally, generate more specific ideas and key themes to add 

significance and value to this research output and contributions. 

6 

ñBalanced, offering a 

comparative account of 

differing theories and 

practicesò. 

This research conducted a literature comparison of all relevant 

contributions. However, the selection of a method or an approach is made 

after providing supported justification. Drawing conclusions are based on 

accurate literature review evaluation.  
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7 

ñCritical, evaluating the 

rigour of evidence or 

argument in the dataò. 

All selected cost risks are chosen based on a critical evaluation of literature, 

as shown in chapter 3. This is before collecting numerical data from experts 

and before conducting any analysis. Arguments of mapping those risks 

have been critically evaluated prior final decision.  

8 

ñAnalytical, developing 

new understandings from 

the available evidenceò. 

After analysing selective literature and understand all evidence accurately, 

this research concluded the research topic. It is based on interpreting 

evidence with future research demand. So, approaching system dynamics 

utilizing statistical, mathematical, and graphical modelling will develop a 

new topic worth further investigation to contribute to the project 

management body of knowledge. 

 

 

Nevertheless, writing an educational research literature review, such as doctoral 

studentsô research, require great efforts and many requirements (Kucan 2011). This is because 

of the need for original contribution to bodies of knowledge (Kucan 2011). Unlike professional 

writing, it requires significant evaluation during writing an educational research dissertation 

(Kucan 2011). Therefore, researchers agreed on several steps to ensure good, supportive, and 

significant literature review in educational research papers (Pautasso 2013; Maier 2013). This 

study follows these steps to ensure accurate research processes and outputs. However, the first 

step is to define the topic area and targeted audience (Pautasso 2013). Second, keep searching 

for relevant literature from deferent valid sources (Pautasso 2013). This is important to cover 

several angles, justify previous contributions and verify available gaps (Pautasso 2013). Third, 

reading and take notes to open the chances of interpreting and comparing articles with the 

targeted research topic (Pautasso 2013). Fourth, choosing the type of review and create a 

reviewing strategy (Pautasso 2013). There are several types of reviews discussed earlier. 

Researchers propose a conceptual diagram in Figure 4-3 to balance between reviewing types. 

The top-right quarter of Figure 4-3 is required to consider the literature review good and 

successful (Pautasso 2013).   

  

Table 4-1: Collected good literature review attributes from published articles and how it is adapted in this 

research study (Steward 2004, p.496; Kucan 2011; Rewhorn 2018).  



 

Page 173 
 

 

 

 

 

 

 

Fifth, ensure keeping all selected literature focused and related to the comprehensive 

interest (Pautasso 2013). The sixth and the seventh steps are significantly essential to ensure 

that conducted reviews must be critical and follow a consistent logical structure (Pautasso 

2013). Steps 5 to 7 will help in identifying knowledge gaps in the problem domain following 

ñSwiss Cheeseò and ñInverted Pyramidò literature review conceptual models as shown in 

Figure 4-4 (Maier 2013, p.4; Pautasso 2013).  

  

 

 

 

 

 

  

Figure 4-3: Literature review conceptual diagram for 

choosing reviewing type (Pautasso 2013). 

Figure 4-4: Literature review ñSwiss Cheeseò and ñInverted Pyramidò conceptual models (Maier 2013, p.4). 
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The eighth and ninth steps in conducting doctoral educational research are using 

feedback and researching the researcher objectively (Pautasso 2013). Finally, the tenth step is 

to ensure that the dissertation research literature review is up to date without forgetting old 

literature (Pautasso 2013). It is required to describe how research evolved through time up to 

date and how the researcherôs outputs will contribute to drawing more developed conclusions 

in the body of knowledge (Pautasso 2013). Steps 8 to 10 are significantly essential to drive 

doctoral educational research to have its original contribution to the body of knowledge, as 

shown in Figure 4-5 (Steward 2004; Pautasso 2013; Maier 2013; Kucan 2001; Webster & 

Watson 2002; Rewhorn 2018; Asmussen & Moller 2019). This Figure is clarifying of this 

research study implemented a literature review to answer its research questions successfully.  

 

 

 

 

 

 

 

 

 

 

 

4.3.2 Mapping Costôs Risks 

 

Mapping in quantitative Modelling research methodology is an essential requirement 

for all cause-effect dynamical research studies (Tokede et al. 2014; Sydor et al. 2014; Williams 

2003; Agyapong-Kodua et al. 2012; Chapman 1998; Yuan et al. 2011; Naderpajouh & Hastak 

Figure 4-5: Literature review structure in educational doctoral research from topic identification to 

conclusion (Maier 2013; Steward 2004; Pautasso 2013; Kucan 2001; Webster & Watson 2002; Rewhorn 

2018; Asmussen & Moller 2019). 
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2014; Hoffma et al. 2017; Agyapong-Kodua & 2011; Boateng 2014; Alzahrani 2015; Ahiaga-

Daghui 2014; Jang 2011). It is required to decide the reasons behind mapping variables 

(Boateng 2014; Alzahrani 2015; Ahiaga-Daghui 2014; Jang 2011). Mapping should be based 

on justified reasons supporting the validity of modelling processes (Boateng 2014; Alzahrani 

2015; Ahiaga-Daghui 2014; Jang 2011). In this research study, mapping is done based on 

proved cause and effect relationships in literature and empirical studies, as shown in chapter 3. 

Mapping in dynamical systems represents mathematical relationships numerically or 

graphically (Boateng 2014; Alzahrani 2015; Ahiaga-Daghui 2014; Jang 2011). In this research 

study, mapping is controlled by the intended mathematical modelling equations to satisfy its 

inputs and outputs criteria.  

Previous research proved that systems dynamics is the most accurate and useful 

approach to model variables and change across time (Tokede et al. 2014; Sydor et al. 2014; 

Williams 2003; Agyapong-Kodua et al. 2012; Chapman 1998; Yuan et al. 2011; Naderpajouh 

& Hastak 2014; Hoffma et al. 2017; Agyapong-Kodua & 2011; Boateng 2014; Alzahrani 2015; 

Jang 2011). Therefore, system dynamics is the most optimum approach in this research study. 

The aim is to model the projectôs full lifecycle costs based on costsô risks. Researchers agreed 

that there are two types of system dynamics diagrams; besides, they agreed on VENSIM 

Software to be the most accurate program for modelling and studying variables over time 

(Tokede et al. 2014; Sydor et al. 2014; Williams 2003; Agyapong-Kodua et al. 2012; Chapman 

1998; Yuan et al. 2011; Naderpajouh & Hastak 2014; Hoffma et al. 2017; Agyapong-Kodua & 

2011; Boateng 2014; Alzahrani 2015; Jang 2011). There are two main analysis diagrams in 

VENSIM system dynamics software reflecting variables relationships and interactions 

overtime (Tokede et al. 2014; Sydor et al. 2014; Williams 2003; Agyapong-Kodua et al. 2012; 

Chapman 1998; Yuan et al. 2011; Naderpajouh & Hastak 2014; Hoffma et al. 2017; Agyapong-
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Kodua & 2011; Boateng 2014; Alzahrani 2015; Jang 2011). First, the stock-flow diagram 

represents the forward stock variables relationships without having variables closed-loop 

impacting/changing the rates of stockôs inflow and outflow (Kang et al. 2020). In Figure 4-6, 

the VENSIM system dynamics stock-flow diagram is explained, showing its components 

(Kang et al. 2020). 

 

 

 

 

 

 

Second, the causal loops diagram represents a close loop between variables impacting 

each otherôs continuously (Boateng 2014). It means that variable 1 is an input for variable 2 

and variable 2 is input for variable 1 simultaneously (Boateng 2014). In Figure 4-7, VENSIM 

causal loops diagram is explained, showing its components (Boateng 2014). 

 

 

 

 

 

 

 

 

 

Figure 4-6: VENSIM system dynamics stock-

flow diagram (Kang et al. 2020). 

Figure 4-7: VENSIM system dynamics causal loop diagram (Boateng 2014). 
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In this research study, risk data values (i.e., risks, impacts, and probability) will be 

collected quantitatively to represent its weightage over the projectôs whole life cycle. 

Mathematical relationship equations will control the distribution over time. The aimed model 

is not targeting automated updates of risk variables and rates through time-steps simulation. 

Adjustments should be made manually in case if any change is required for a variable or rate. 

Therefore, using the stock and flow diagram to map the final projectôs whole lifecycle system 

dynamics cost model. All mathematical inputs and expected outputs are representing by the 

conducted mapping in chapter 3. This research used many literature, reports, and empirical 

studies to justify and validate variables mapping before any simulation analysis. 

 

4.3.3 Data Collection Strategy  

 

This research data collection strategy is based on the identified and mapped risks done 

in chapter 3. Required data is including the value risks, impact, and probability. This chapter 

explains that it is crucial to approach data collection using accurate approaches before 

conducting any measurement or analysis. Researchers agree that data collection strategy is a 

significant research output reliability and validity (DiCicco-Bloom & Crabtree 2006; 

Soltanian, Borzouei & Afkhami-Ardekan 2016; Eisenhardt 2002; Onwuegbuzie 2007; Crouch 

& McKenzie 2006; Leonard-Barton 1990; Scudder & Hill 1998). It is essential to justify this 

research choice because four ways can provide the required data. First, collecting data from 

case studies provides a large amount of data about its topic (McCutcheon & Meredith 1993; 

Ende & Marrewijk 2014; Stuart et al. 2002). However, it is related to the case type and 

condition, so it cannot be used in any case scenario (McCutcheon & Meredith 1993; Ende & 

Marrewijk 2014; Stuart et al. 2002). Therefore, this research does not use case studies to collect 

data because the final aimed model will represent all residential buildings' whole lifecycle in 
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UAE. This research data collection will need a sample-size equal to at least 29 (i.e., N Ó 29) to 

consider normality assumptions in quantitative data validity and reliability (Bujang & Baharum 

2016; Delice 2010; Shen, Nguyen & Ojiako 2013; Aliverdi, Naeni & Salehipour 2013). Case 

studies will require to cover at least 29 samples for each risk (i.e., a total of 117) to consider 

data normality. The second data collection approach extracts data from historical projects 

(Doloi 2011; Reichelt & Lyneis 1999). It is having a magnificent amount of information. 

During this research study, it has been found that it is impossible to collect data using case 

studies or historical data for several reasons. Reason 1, it is impossible to collect 29 cases 

covering 29 sample-size for each of the 117 costôs risks. Reason 2, all collected cases should 

be within a narrow timeframe, or the validity of data will be lost. Risks are changing over time, 

as proved by researchers earlier in this research paper. Therefore, case studies accumulated 

data cannot have a sample size equal to at least 29 for each risk covering different big windows 

of time (i.e., years) because the validity of collected data will be questioned, and the model 

accuracy will not be considered. Reason 3, covering large amounts of cases within a defined 

small window of time to include the minimum sample size for each identified risk, is impossible 

for the projectôs whole life cycle in UAE because of projectsô accessibility challenges. The 

third way of collecting data is by using interview techniques (Blair & Conrad 2011). The good 

advantage in interviews is extracting the required data as demanded by the researcher (Filippini 

& Voss 1997; Sondik et al. 2004). It can be done by researchers or by approved professional 

interviewers on behalf of researchers (Filippini & Voss 1997; Sondik et al. 2004). However, 

the interview design must be made, audited, and reviewed by the researcher (Filippini & Voss 

1997; Sondik et al. 2004). The fourth approach of collecting data is by conducting questioners 

and surveys; however, researchers intensively use surveys to collect their research data because 

of its significant positive impact on statistical analysis accuracy and because of its ability to 
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extract the required information from the targeted population (Wytykowska et al. 2017; 

Linderman & Chandrasekaran 2010; Aiyetan, Smallwood & Shakantu 2012; Jafary, Mele & 

Fiondella 2020; Harms, Jackel & Montag 2017; Carter, Sanders & Dong 2008; Makienko & 

Bernard 2012; Metzler & Davis 1998).  

After that, previous research proved that it is possible to combine more than one 

collecting data approach (Tsang 2014; Leonard-Barton 1990). It is crucial to justify the reason 

for merging more than one method (Tsang 2014; Leonard-Barton 1990). Therefore, this 

research will combine questioner surveys with interviews to extract the most accurate data from 

experts in the field. In order to justify this choice, it is required to conduct a survey questioner 

in this research to collect and record required data, including all details (Mason 2010). 

However, the required data values in the designed survey can vary based on experts' 

understanding. It is also mandatory to ensure that contributors are experienced in the topic field 

(Tam et al. 2017). Therefore, it was required to ensure that all experts understand each variable 

and use their experience and knowledge to set a value for each risk. Researchers agreed that 

combining survey questioner with an interview forming face-to-face surveys is significantly 

effective and supporting data reliability (Cottrell et al. 2015; Galesic & Bosnjak 2009; Burns 

et al. 2018; Szolnokin & Hoffmann 2013; Leeuw, Mellenbergh & Hox 1996; Chen et al. 2015; 

Fernández et al. 2012). The following part will explain how the data collection approach has 

been designed to end with accurate and valid data. 

 

4.3.4 Design Data Collection  

 

To collect the required data, it is mandatory to ensure appropriate design of how to 

complete this process successfully (Krzywinski & Altman 2013; Fanning 2005; Wang 2010; 

Testa &  Simonson 2009; Huang et al. 2015). This will ensure proceeding with appropriate 
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analysis and reach a valid logical conclusion. This research paper will include in this part seven 

main stages to successfully design data collection. This will include (1) interview type, (2) 

interview questioner design, (3) sample size, (4) pilot study, (5) interview invitation and 

response, and (6) Data Statistical Significance, Reliability, and Validity. 

 

4.3.4.1 Interview Type 

 

There are two approaches to each interview type for collecting research data. The five 

types of interviews include face-to-face interviews, telephone interviews, e-mail interviews, 

video-stimulated-recall interviews, and online-chat interview (Barratt 2012; Fernández et al. 

2012; Harmeyer 2010; Lee et al. 2011). First, face-to-face interviews are proved by researchers 

to be the most effective, accurate, and having higher responding applicants; and it is considered 

as the first choice by most researchers using interviews for data collection (Forza 2002; 

Filippini 1997; Dillman et al. 2009; Trier-Bieniek 2012; Barratt 2012; Fernández et al. 2012; 

Harmeyer 2010; Chen et al. 2015). This method's data can be recorded by video, voice, or 

survey approaches as desired (Forza 2002; Filippini 1997; Dillman et al. 2009; Trier-Bieniek 

2012; Barratt 2012; Fernández et al. 2012; Harmeyer 2010; Chen et al. 2015). In recently 

published research, it is also found that video interviews are considered a technology to conduct 

face-to-face interviews (Rowe 2009; Henry & Fetters 2012; Cottereau 2014; Nguyen et al. 

2013). It is a recommended tool and common during force-majeure events preventing face-to-

face meetings such as the COVID-19 pandemic. Therefore, this research's data collection has 

been conducted using face-to-face interviews before COVID-19 starts and because most 

interviewees preferred the traditional approach such as paper questionnaires and physical face-

to-face interviews. Second, phone-call interviews are often used as face-to-face alternative 

ways to complete interviews because challenges appeared in conducting face-to-face meetings 
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(Forza 2002; Filippini 1997; Dillman et al. 2009; Trier-Bieniek 2012; Barratt 2012; Fernández 

et al. 2012; Mahesh 1995; Lee et al. 2011). This research would consider this interview method 

if the study covers a large geographical area such as several countries. However, this research 

is done only in the UAE, and it was facilitated to conduct physical meetings with all 

interviewees. Third, e-mail interviews are usually done whenever the researcher has a big 

window of time to collect data or extend a conducted interview with more questions (Lee et al. 

2011). This scenario was not experienced during this research study, and an e-mail interview 

method was not recommended. Fourth, the video-stimulated-recall interview type is an 

artificial intelligence approach used in qualitative research to study interviewees' deferent 

responses against the same set of questions (Rowe 2009; Nguyen 2013). This type includes 

certain responses that the system can recall against interviewees' behaviours or responses 

(Rowe 2009; Nguyen 2013). Although found that video-stimulated-recall interview type is 

growing, it is not recommended in this research study because data collection in this paper is 

purely quantitative and is based on ensuring that all experts (i.e., interviewees) have the same 

understanding (Rowe 2009; Nguyen 2013). Finally, the fifth interview type is online-chat 

interviews. This type is based on having all questions asked using a live online-chat portal and 

receive the answers in the same way (Harmeyer 2009; Barratt 2012). This type of interview is 

used with audiences who have speaking issues such as deaf-mutism or used with audiences 

with the issue in their confidence behaviour such as ñyoung drug usersò (Harmeyer 2009; 

Barratt 2012, p.571). Therefore, this research study does not face such challenges while 

collecting the required data, and online-chat interviews have been avoided.  

However, researchers found that interviews can be approached willingly without cost 

because interviewees choose to do it (Chen et al. 2015). Furthermore, interviews can be 

approached by offering a benefit or profit to contributing applicants (i.e., interviewees) (Chen 
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et al. 2015). The approach of using incentive cash to increase the responding sample size was 

made in other research with retired old interviewees (Chen et al. 2015). The targeted audience 

in this research study is considered highly skilled professionals with high pay rates. Offering 

cash-intensive will push them to abort the interview because they feel humiliated or push them 

to ask for a significantly high amount of cash to consider it intensive. Therefore, all interviews 

in this research study are following the non-cash willingly approach face-to-face survey 

interviews. 

 

4.3.4.2 Interview Questionnaire Design 

 

After proofing that this research requires a face-to-face interview questionnaire and 

justifying the reason behind choosing face-to-face interviews, it is compulsory to justify using 

questionnaire surveys and optimising its design. Surveys are an extremely useful and powerful 

tool to obtain information (Glasow 2005). It is essential to design the survey format to optimize 

information extraction from respondents (Glasow 2005; Fanning 2005). This targets a smooth 

questionnaire with less confusion and an acceptable length (Herzog & Bachman 1981). First, 

it is essential to know the required type of surveys. There are two types of surveys, including 

paper questionnaires and web questionnaires (Fanning 2005; Fan & Yan 2010; Huang 2006; 

Herzog & Bachman 1981). This research study chooses to use paper-based survey 

questionnaires due to the importance of completing the questionnaire in a face-to-face 

interview. Paper questionnaires have several advantages, such as (1) the ability to ensure that 

the desired audience fills the questionnaire, (2) the ability to write notes on papers back, and 

(3) the ability to conduct the task in any place without technologies constraints and 

requirements. The disadvantages of paper questionnaires are including the additional costs to 

cover a wide geographical area and the sustainability impact (Yusof et al. 2016). However, this 
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research study uses recyclable papers to cover collecting information and data from the United 

Arab Emirates, only with no additional costs. So, the disadvantages of paper questionnaires 

have no negative impact on this research study. The second type of survey questionnaires is 

web-based questionnaires (Fan & Yan 2010; Huang 2006). There are many free and subscribed 

online-survey tools such as SurveyMonkey, HubSpot, Survey Anyplace, Nicereply, 

Advocately, MySurveyLab, Centiment, Delighted, YesInsights, Startquestion, Google Forms, 

Birdeye, HotJar, Arbit, Typeform, Qualaroo, and Smart Survey. The advantages of this survey 

type are (1) the ability to reach anywhere in the world without distance limits, (2) the ability to 

collect data without negative environmental impact (i.e., paper waste), and (3) the ability to 

collect data without social bias impacts (Huang 2006; Yusof et al. 2016; Fanning 2005). The 

disadvantages of web-based surveys are including (1) the inability to ensure that respondents 

are meeting the required criteria, (2) the inability to secure respondentôs data (i.e., electronic 

hacks), and (3) the inability to ensure positive respondentôs confidence about the research 

intentions which can impact data accuracy. However, this research study avoids the online-

questionnaires type of surveys, although it is a globally growing data collection method (Huang 

2006).   

The survey questioner design in this research study has followed the optimum design 

requirements and format according to researchersô recommendations to maximize the 

smoothness of data collection without fail or difficulties as the following (Fanning 2005; 

Glasow 2005; Herzog & Bachman 1981; Hoddinott & Bass 1986; Bosnjak 2009; Reza, 

Borzouei & Afkhami-Ardekan 2016; Fogsgaarda et al. 2016; Huanga et al. 2015; Huang 2006). 

¶ The cover page includes the study intentions and questions answering directions.  

¶ The questionnaire is provided with an invitation to the interviewee, giving sufficient 

time before the interview. 
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¶ Figures and charts have been used to facilitate answering all questions within a short 

time. This research study gives interviewees the ability to answer three questions by 

providing one answer (i.e., risk, probability, and impact matrix). 

¶ The factor grouping method is used for better understanding to avoid respondentsô 

confusion and to answer questions accurately. 

¶ The questionnaire presented all risks in a table to facilitate shifting between questions 

without getting lost. 

¶ The respondents designed the questionnaire to answer each question with one number 

chosen from the provided risk matrix. This will significantly reduce the required time 

for answering all questions (i.e., 117 cost risks/variables). 

Next, this research uses the Project Management Institute (PMI) to have the right 

weight for each risk probability and its impact. PMI is involved in project management research 

and development. In Figure 4-8, the original PMI risk matrix is divided into two impacts (i.e., 

Threats and Opportunities). This can create confusion for the data providers (i.e., experts). 

 

 
Figure 4-8: Project Management Institute (PMI) Risk Matrix: Probability X Threats/Opportunities 

impacts (PMBOK Guide 2004). 
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Therefore, the required PMI original risk matrix's required adjustment is made, as 

shown in Figure 4-9. The adjustment is based on having threats and opportunities in one impact 

matrix instead of two. This will make it easier to put the absolute risk value based on its impact 

and probability without thinking about its negative or positive sign. The final modelling process 

will classify threats and opportunities based on mathematical modelling outputs signs (i.e., 

positive and negative). 

Project Management Institute (PMI) Risk Matrix:  

Probability X Impact 

P
ro

b
a

b
ili

ty
  

90% 5% 9% 18% 36% 72% 

70% 4% 7% 14% 28% 56% 

50% 3% 5% 10% 20% 40% 

30% 2% 3% 6% 12% 24% 

10% 1% 1% 2% 4% 8% 

  5% 10% 20% 40% 80% 

  Impact 

 

 

 

Finally, the used matrix in the face-to-face interview questionnaires needed experts to 

focus only on the probability and impact numbers of each risk factor. Colour can be a source 

of distraction and/or a second approach to provide answers. Therefore, this research 

questionnaire decided to remove the colours from the final used questionnaire, as shown in 

Figure 4-10.  

P
ro

b
a

b
il
it
y
  90% 5% 9% 18% 36% 72% 

70% 4% 7% 14% 28% 56% 

50% 3% 5% 10% 20% 40% 

30% 2% 3% 6% 12% 24% 

10% 1% 1% 2% 4% 8% 

  5% 10% 20% 40% 80% 

  Impact 

 

Figure 4-9: Adjusted coloured Project Management Institute 

(PMI) Risk Matrix: Probability and Impact multiplication is 

showing risks values including low (green), medium (yellow) and 

high (red) risks.  

Figure 4-10: Final Adjusted Project Management Institute (PMI) 

Risk Matrix: Probability and Impact Matrix. 
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4.3.4.3 Questions Type  

 

There are two types of questionnaire questions mentioned in literature and empirical 

studies; however, the first type is open-ended questions, and the second type is closed-ended 

questions (Reja et al. 2003; Qu & Dumay 2011; Soltanian, Borzouei & Afkhami-Ardekan 

2016; Makienko & Bernard 2012; Nastasi & Schensul 2005; Trier-Bieniek 2012; Jarkas 2016; 

Modell 2005). Open-ended questions are usually used for collecting suggestions and possible 

solutions (Reja et al. 2003). It can be used to study individuals' response behaviour against a 

specific event (Reja et al. 2003; Modell 2005). Open-ended questions are often used in mixed 

research methodologies (i.e., mixed qualitative-quantitative method) to develop the framework 

used for closed-end questions (Makienko & Bernard 2012). Table 4-2 shows how this research 

study satisfied researchers developed questionnaire questions analysis guidelines (Makienko 

& Bernard 2012, p.143).   

 

SN Questionnaire Questions Analysis Criteria This research Study Questions Design 

1 
ñBased on the survey questions, what is its main 

goal?ò 

To collect the required data used to build projectsô 

whole lifecycle final system dynamics cost model. 

2 
What main construct (dependent variable) this 

study is trying to measure? 

This study is trying to measure the cost risk value in 

the United Arab Emirates. 

3 
ñWhat other constructs is the survey trying to 

measureò? 

This study is trying to measure cost risks impact and 

occurrence probability in the UAE. 

4 
ñDo scales capture all domains of the main 

construct (main dependent variable)?ò 

Yes, the given scale is based on the Project 

Management Institute PMBOK guideline  

5 

ñHow many open-ended vs close-ended 

questions are in the survey? Are there too many 

open-ended questions?ò 

All questions are closedðno open questions. 

6 
ñAre there any duplicate/unnecessary 

questions?ò 
No. 

7 ñAre questions clear and easy to understand?ò 
Very Clear, and the researcher will be available as an 

interviewer to clear any doubts.  

8 ñAre there any sensitive questions?ò 
No. All sensitive questions are considered optional 

after the pilot study. 
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9 ñIs the survey too long or too short?ò 

It is considered long (i.e., 45 min). However, after the 

pilot study, it can be completed in more than one 

session. 

10 ñDoes the survey use the best format/layout?ò Yes, following researchersô optimum guidelines. 

11 Does the survey use the appropriate letter size? 
Yes, (Time New Roman) Font 12. No negative 

feedback was found about font during the pilot study. 

12 
What research questions can be answered by 

analysing this survey? 

It will answer directly research question 1, and it is 

mandatory to answer research questions 2 and 3. 

13 

What types of statistical analyses can be run 

based on available independent and dependent 

variables? 

Correlation and regression statistical analysis. 

 

  

Therefore, in this research study, the structured interview is based on collecting specific 

data related to listed factors and variables (Reja et al. 2003). It is optimum to control collected 

answers with close-ended questions (Reja et al. 2003). In this research study, each question 

offers to select from a range of multiple choices (Reja et al. 2003). This is to ensure extracting 

accurate information after utilizing expertsô experience to serve this study.  

 

4.3.4.4 Sample Size 

 

Determining the sample size in the research data collection stage is mandatory and 

critical for statistical analysis (Cai & Hames 2011). Having an adequate sample size is based 

on many factors (Cai & Hames 2011). For instance, the required data size will differ based on 

probability models and the type of applied statistical analysis (i.e., one-tailed or two-tailed) 

(Cai & Hames 2011). The one-tailed statistical analysis will require a smaller sample size (Cai 

& Hames 2011).  Researchers found that the significance criterion is strongly impacting the 

required sample size (Ajay & Micah 2014). As the significance P-Value decreases, the sample 

size will increase (Ajay & Micah 2014). Therefore, it is crucial to set a known significance P-

Value; however, the significance value is two-tailed 5% in this research. This chapter's reason 

for choosing this value is detailed in data significance, reliability, and validity section. There 

Table 4-2: Adapted Questionnaire Questions Analysis Criteria against this research study Questions Design 

(Makienko & Bernard 2012, p.143). 
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are several sampling methods found in previous research, as shown in Figure 4-11 (Omair 

2014; Bhardwaj 2019; McCombes 2019).   

 

 

 

 

 

 

 

 

 

 

 

 

 

Probability sampling is usually used for quantitative research (Omair 2014). It is 

including four main sampling methods, as explained in Figure 4-12 (McCombes 2019). 

Researchers agreed on simple-random-sampling, systematic-sampling, stratified-sampling, 

and cluster-sampling (Omair 2014; Bhardwaj 2019). First, the simple random sampling method 

is the type that all population units have the same probability of selecting (Bhardwaj 2019). 

This research study defined its population to be construction and facilities management 

engineering professional experts. Then, simple-random sampling was conducted based on 

sending invitations to randomly selected engineers to collect data. Second, systematic sampling 

is the type that uses a systematic selection rule (Bhardwaj 2019). For instance, the rule can be 

Probability Sampling Non-Probability Sampling 

Figure 4-12: Probability and Non-Probability Sampling methods (McCombes 2019). 

Figure 4-11: Probability & Non-Probability Sampling methods (Omair 2014; Bhardwaj 2019).  
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skipping two units after each selected sample (McCombes 2019). This research study did not 

assign any selection rules during the sampling process. Third, stratified sampling is the type 

that puts the population into groups called ñstrataò and selects randomly from each group 

(Bhardwaj 2019, p.159). This research did not create any strata for its data sampling. Fourth, 

cluster sampling is the type that creates sub-groups from the population and selects randomly 

between groups (Bhardwaj 2019). All members of selected clusters are included in the sample 

(Bhardwaj 2019). However, some researchers divide cluster sampling into the cluster and 

multistage sampling, as shown in Figure 4-11 (Omair 2014; Bhardwaj 2019; McCombes 2019). 

This research study did not create clusters or apply any multistage (i.e., complex cluster) 

sampling. 

Non-probability sampling is usually used for qualitative research (Omair 2014; 

Bhardwaj 2019). It includes four main sampling methods shown in Figure 4-12 (Bhardwaj 

2019; McCombes 2019). Researchers agreed on convenience-sampling, voluntary-sampling, 

snowball sampling, and purposive-sampling (Omair 2014; Bhardwaj 2019). Convenience 

sampling is based on using the most accessible samples to researchers (Omair 2014; Bhardwaj 

2019). Voluntary sampling is based on sample individuals willing to accept being in the sample 

(i.e., volunteer) (Omair 2014; Bhardwaj 2019). Snowball sampling is based on respondents 

included in the sample who identify and recommend other respondents (Omair 2014; Bhardwaj 

2019). The purposive sampling type is based on the study purpose from researchersô 

perspectives (Bhardwaj 2019).  It is called by several names based on researchersô perceptions 

such as ñdeliberate-samplingò, ñjudgemental-samplingò, ñconsecutive-samplingò, and ñquota-

samplingò (Omair 2014, p.145; Bhardwaj 2019, pp.158-162). Finally, the mixed method 

sample size approach combines both probability and non-probability methods; however, it is 
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not used in this research study and the following chart sampling as shown in Figure 4-13 

(Onwuegbuzie 2007).  

 

 

 

 

 

 

 

 

 

However, this research study did not include any non-probability sampling method. It 

is recommended for future research, based on updating cost risks of this research study, to use 

purposive sampling for better results. To sum up, this research study has used a simple random 

sampling probability method considering its population as construction and facilities 

management engineering professional experts. 

Next, it is essential to ensure having an adequate sample size (Singh & Masuku 2014). 

Three criteria points need to be satisfied in a collected sample to consider its size good and 

appropriate (Singh & Masuku 2014). First, Data Level of Precision (i.e., sampling error) is a 

significant criterion and should be satisfied (Singh & Masuku 2014).  Previous research 

considered ±5%, and researchers will consider their data precision fall within a range of 5 per 

cent up and down from their actual data representation value (Singh & Masuku 2014; Ahiaga-

Dagbui 2014; Jang 2011; Seo & Park 2017). In this research study, the data precision level is 

considered ±5%; however, its calculation is done using equation 4-1 (Ahiaga-Dagbui 2014; 

Jang 2011).   

Figure 4-13: mixed method sample size approach (Onwuegbuzie 2007). 
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Second, data confidence level value determination is essential before assuming that 

collected data have the right sample size (Singh & Masuku 2014).  It is based on the ñCentral 

Limit Theoremò (Singh & Masuku 2014, p.9). This theory considers that a defined population's 

true value is equal to the meansô average of all collected samples from the same defined 

population (Singh & Masuku 2014). The data confidence is assumed 95% if all collected 

samples from the same population have a distribution risk error equal to 5% for meansô average 

value as shown in 4-14 (Singh & Masuku 2014; Szyk, Mah & Pal 2020).  

 

 

 

 

 

 

 

Although there is no clear specific justification of setting a fixed certain significance 

level (i.e., precision level) other than what is followed in statistical traditions according to 

researchers and published articles (Trafimow et al. 2018; Brunnström & Barkowsky 2018; 

Pérez & Pericchi 2014). The most common significance levels in the quantitative statistical 

research approach are usually 95% (Trafimow et al. 2018; Brunnström & Barkowsky 2018; 

Pérez & Pericchi 2014).  This research study is going to set the significance level as 95% (i.e., 

1- Ŭ = 1- 0.05 = 0.95). This decision's validity will be clearer after knowing that previous 

research and publications proved that changing Ŭ from 0.05 to 0.005 makes no difference in 

the discussion and conclusion of any binary numerical system study (Trafimow et al. 2018; 

 
Equation 4-1 

Figure 4-14: 95% confidence level chart (Szyk, Mah & Pal 2020). 
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Brunnström & Barkowsky 2018; Pérez & Pericchi 2014). The conclusion may change with 

increasing the significance level change up to 95% (Trafimow et al. 2018; Brunnström & 

Barkowsky 2018; Pérez & Pericchi 2014). It does not reflect conclusion decisions if it increased 

more than 95% (Trafimow et al. 2018; Brunnström & Barkowsky 2018; Pérez & Pericchi 

2014). However, the sample size increases as Ŭ decreases, and it may create unnecessary 

challenges during conducted studies (Trafimow et al. 2018; Brunnström & Barkowsky 2018; 

Pérez & Pericchi 2014). The research design, assumptions auxiliary, and independent 

application studies' implication must be carefully considered to end up with acceptable 

conclusions (Trafimow et al. 2018; Brunnström & Barkowsky 2018; Pérez & Pericchi 2014). 

Therefore, this study is cautiously designed the research, justified all assumptions, and 

thoughtfully consider other independent application studies. Each cost risk data set in this 

research will have an R2 value to measure how much it represents from the defined population, 

as shown in Equation 4-4 (i.e., included in mathematical modelling).   

The actual representation of dependent Data (Y) based on collected independent data 

(X) is calculated in this research study using statistical approach R2 (Alzahrani 2015; Jang 

2011; Boateng 2014; Cui 2005).  

Finally, the third mandatory criterion of the right sample size is the degree of variability 

(Singh & Masuku 2014). The sample degree of variability is based on population attributes 

distribution; in other words, the sample size will increase with a heterogeneous population and 

decrease with a homogeneous population (Singh & Masuku 2014). Having a degree of 

variability above or below 50% means a larger majority toward aside; therefore, the highest 

degree of variability is 50% (Singh & Masuku 2014; Omair 2014). This research considers the 

worst scenario recommended by researchers in published literature and will assign the degree 
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of variability to 50% (Singh & Masuku 2014; Omair 2014). This will guarantee a good sample 

size if the assumed degree of variability found not accurate.  

After that, there are three approaches to determine good sample size in research studies 

(Singh & Masuku 2014). First, using the entire small population's survey is a good approach 

to ensure an appropriate sample size (Singh & Masuku 2014). However, the population should 

be small, and researchers recommended this method to sample the entire population if it is 

between 50 to 200 (Singh & Masuku 2014). Although it has several advantages, such as 

eliminating samples error, it is impossible to use this research paper approach due to the larger 

population size. Second, using published tables that include the sample size based on precision 

levels, confidence levels, and population size is recommended by researchers as an excellent 

approach to select an acceptable sample size (Singh & Masuku 2014; Darby 2010). The issue 

of this research paper, being in the United Arab Emirates, is that construction/engineering 

professionalsô populations change over time, and it is unknown to the researcher. Therefore, 

this approach (using published tables) is not appropriate in this research study. Finally, the third 

approach utilizes a sample size of a similar research study (Singh & Masuku 2014). This is the 

most optimum approach to select the right sample size for this research study. There are three 

criteria bases for finding relevant research studies to determine the appropriate sample size. 

The first criterion is having at least 29 samples to satisfy the statistical normality requirements 

and consider a high correlation test between 2 variables; however, some researchers 

recommended at least 30 to ensure avoiding any statistical analysis issues (Bujang & Baharum 

2016; Delice 2010; Shen, Nguyen & Ojiako 2013; Ruiz et al. 2017; Aliverdi, Naeni & 

Salehipour 2013). The second criterion is the required sample size of the data collection 

approach (i.e., interview questionnaires). After reviewing the literature, it has been found that 

29 previous research included samples size ranging from 2 to 132 interviews (Blair & Conrad 
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2011; Mason 2010; Onwuegbuzie 2007; Tongco 2007). Their analysis used qualitative 

approaches (Tongco 2007). Also, nine previous research approaches quantitative survey 

questionnaires included samples size ranging from 32 to 223 and analysed them using 

percentages (Tongco 2007). Therefore, it is acceptable to determine an acceptable research 

sample size using percentage techniques. From reviewing literature having similar research 

methodologies (i.e., interview questionnaires), it is found that the used data sample has a size 

equal to 14, 40, and 83; however, samples were analyzed by percentages and other statistical 

calculations to determine its acceptability (Tongco 2007). The last criterion is to find out the 

acceptable percentage to consider a good sample for this research study. The required 

percentage can be extracted from published literature similar to this research study in the data 

type (i.e., risks and factors) and population type (i.e., construction cost and engineering 

professionals). Previously published research studying construction factors and risks used 200 

invitation sample size (Vidogah & Ndekugri 1998). The valid responding percentage from all 

invited 200 experts was 27% (Vidogah & Ndekugri 1998).  Researchers also found that after 

inviting 218 listed cost experts Royal Institute of Chartered Surveyors (RICS), the valid 

response rate increased to 31% (Elhag, Boussabaine & Ballal 2005). On the other hand, the 

valid response rate was found equal to 30.5% of 285 invited construction experts in other 

similar studies of this research (Aziz & Abdel-Hakam 2016). Moreover, in other construction 

factors literature, the higher invited sample is not necessarily increasing the responding rate 

percentage; for example, it was found that only 28.3 % responded after inviting 300 

contractorsô top management (i.e., experts) to answer questionnaires related to construction 

factors (Shash 1993). Published literature declared that most construction research studies 

invited 200 experts from the industry to answer their questionnaire and received back 20-30% 

of their 200 invitations (Akintoye & Fitzgerald 2000). These researches considered this 
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percentage range a valid criterion to accept the collected data in similar research studies 

(Akintoye & Fitzgerald 2000).  

This research study concludes after reviewing literature that similar studies used experts 

to collect their valid data. Also, similar researches have agreed to consider responding rate 

percentages as the measuring criteria of accepting sample size. According to a researcher 

working in the same field (i.e., construction), the agreed acceptable invitation-sample size 

found between 200 to 300 invitations sent to experts. However, it is proved by previous 

research that increasing invitation-sample size, to include more than 200, has no considerable 

impact on responding rate percentages (i.e., acceptance criterion). The agreed acceptable 

responding rate percentage has been found between 20% to 31% of sent invitation quantities. 

Therefore, this research study sent invitations to 200 experts randomly. So, the acceptable 

sample size is expected to be between 40 (i.e., 20% of 200) to 62 (31% of 200) random samples. 

It will be covering the minimum requirements of quantitative statistical analysis (i.e., at least 

29). This research has completed 55 face-to-face interview questionnaires with experts. The 

resulting responding percentage has been found 27.5%, almost within the top 90% of other 

similar studiesô acceptable percentages. Therefore, this research study is approved, and the 

valid sample size is 55 face-to-face expertsô interview questionnaires. 

 

4.3.4.5 Pilot Study 

 

A pilot study is essential in any research data collection to identify a good sample size 

(Ruiz et al. 2017; Toor & Ogunlana 2009; Aziz & Abdel-Hakam 2016; Viechtbauer et al. 

2015). It is also essential to identify possible challenges and improvements (Ruiz et al. 2017; 

Toor & Ogunlana 2009; Aziz & Abdel-Hakam 2016; Viechtbauer et al. 2015). There are three 

approaches to determine research pilot study sample size (Kraemer et al. 2006; Cocks & 
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Torgerson 2013; Ruiz et al. 2017; Toor & Ogunlana 2009; Aziz & Abdel-Hakam 2016; 

Viechtbauer et al. 2015). The first approach is determining the pilot study sample size without 

having any idea about the main sample size; however, it has two methods (Kraemer et al. 2006; 

Cocks & Torgerson 2013). The first method is using the ñrole of thumbò (Cocks & Torgerson 

2013, p.199). It can be followed to initially start with 30 pilot samples (Cocks & Torgerson 

2013). The main sample size will be identified later based on initial analysis outputs (Cocks & 

Torgerson 2013). The second method calculates the pilot sample using mathematical equations 

based on statistical properties and assumptions (Kraemer et al. 2006). This research study does 

not follow the first approach because the main sample range has been identified as justified 

earlier. The second approach of identifying pilot study sample size based on knowing the main 

sample size range (Viechtbauer et al. 2015; Kraemer et al. 2006). These range boundaries can 

be extracted from similar studies or mathematical calculation limits (Viechtbauer et al. 2015; 

Kraemer et al. 2006). However, this research study is not following this approach. It is because 

that the largest main sample size is equal to 62 samples, as justified earlier. Therefore, this 

highest expected value is considered the base of calculating this research pilot study sample 

size. The third approach determines the pilot study sample size based on precisely the primary 

sample size using two methods. The first method of knowing the primary sample size is by 

extracting it from published tables based on the estimated population, as explained earlier. The 

second method is by considering the higher limit of the main sample range to guarantees that 

the pilot study sample is valid in covering the targeted main sample size. However, unidentified 

challenges may appear during data collection processes, and pilot study may be questioned if 

the primary sample exceeded the higher limit using the second method (Kraemer et al. 2006; 

Cocks & Torgerson 2013; Ruiz et al. 2017; Toor & Ogunlana 2009; Aziz & Abdel-Hakam 

2016; Viechtbauer et al. 2015). Based on the researchersô recommendations, the pilot study 
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sample size has been decided to equal 5% (i.e., 1 pilot sample of each desired 20 main samples) 

to optimize the results (Viechtbauer et al. 2015). Therefore, the pilot study has been decided to 

be 3 (i.e., between 1.5Ђ2 and 3.1Ђ3 pilot samples) based on the chosen main sample size (i.e., 

40 to 62). To ensure a valid pilot sample size, further literature has been reviewed to support 

the chosen pilot sample. For example, similar research selected six samples for a pilot study 

representing 117 main sample sizes, including interviews and questionnaires (Aziz & Abdel-

Hakam 2016). This is equal to about 5% (i.e., 6/117=5.1%); however, the sample range was 

between 87 and 118 (i.e., 20% to 31% respond rate). Therefore, it is acceptable. Another similar 

study selected 6 pilot samples to represent the expected 115 main sample size (Toor & 

Ogunlana 2009). However, the research ended with having six pilot samples representing 111 

main sample sizes, including interviews and questionnaires (Toor & Ogunlana 2009). This pilot 

percentage has shifted from 5.2% (i.e., 6/115) to 5.4% (i.e., 6/111), which is approximately 

5%, and the actual main sample did not exceed the range higher limit. Other quantitative 

research selected 12 pilot samples to represent 230 main validation samples (Ruiz et al., 2017). 

This result was found equal to 5.2% Ђ 5%. Therefore, it is acceptable to consider this research 

study piloting sample equal to 3 (i.e., 5%); however, the main sample size did not exceed the 

higher limit (i.e., 55 < 62), and the pilot study resulted in the following comments to optimize 

this research questionnaireôs design: 

¶ Questions quantities (i.e., 117 cost risks) were too long and required ample time to think 

about the information and required numerical data (i.e., 2 hrs.). This is solved by putting 

the key words only instead of the full question. The interviewer will provide any 

required clarification. 

¶ Questions descriptions were causing different understanding, and the interviewer had 

to explain it anyhow. This has been solved by having the interviewer introducing each 
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group, as explained in chapter 3 of this research study, considering intervieweesô 

background, profession, and previous experience. 

¶ Interviewees found a challenge in using risk, impact, and probability matrix. This is 

solved by introducing the PMBOK risk matrix and how it is used to answer each 

question.     

After improving the questionnaire and identifying all possible challenges, it is essential 

to consider this study's face-to-face interview questionnaire's final duration. The final validated 

questionnaire requires 45 minutes to be completed. To validate this duration, it is mandatory 

to review previous research literature. So, researchers declared an interview could take 30 

minutes up to several hours (DiCicco-Bloom & Crabtree 2006). The United States Census 

Bureau concluded that each in-person interview questionnaire takes between 25 and 75 minutes 

(Bogen 1994). Nevertheless, other researchers proved that most questionnaires have a duration 

of 10, 15, 20, and 30 minutes (Galesic & Bosnjak 2009; Barnes 2001). This is significant in 

maintaining the quality of collected data and maintaining a higher responding rate (Galesic & 

Bosnjak 2009; Barnes 2001). Therefore, this research study has an acceptable face-to-face 

interview questionnaire duration (i.e., 45 minutes). It maintains the quality of data collection 

and responding rate by offering an optional choice to complete the questionnaire in more than 

one session. This will ensure that all collected data in one session is not rushed and by 

interviewees choice. Moreover, it will ensure that busy interviewees' data collection quality 

(i.e., construction industry experts) is maintained as required. 
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4.3.5 Mathematical Modelling  

 

Previous research proved that quantitative empirical studies require justified and logical 

application mathematical modelling (Todorov 2014; Reina et al. 2016; Winter 2016; Blair & 

Conrad 2011; Meyer et al. 2013). Real-world problems should be simplified and translated into 

mathematical inputs; however, these inputs are used in equations system to form a 

mathematical model (Todorov 2014; Reina et al. 2016; Winter 2016; Blair & Conrad 2011; 

Meyer et al. 2013).  There are six main classification frameworks of mathematical modelling 

(Abanda, Tah & Cheung 2013). First, mathematical models are dynamic if they are based on 

time, including deferential or partial differential equations (Abanda, Tah & Cheung 2013). 

However, it is considered static if the mathematical process is based on algebra and it is made 

and solved for certain conditions at a given time (Abanda, Tah & Cheung 2013). Therefore, 

this research study is dynamic because it is based on time, and the VENSIM simulation is based 

on differential equations. Second, mathematical modelling is deterministic if it has an exact 

solution (Abanda, Tah & Cheung 2013). This research study includes a deterministic equation 

system because it is based on modelling the exact value of the projectôs entire life cycle cost. 

Third, mathematical modelling is mechanistic if its equations are created and derived from 

hypotheses or theoretical fundamentals of a system (Abanda, Tah & Cheung 2013). This 

research study includes a mechanistic mathematical equations system because it derives 

CAPEX and OPEX costs equations from the system theoretical framework. Furthermore, 

because it is deriving equipment replacement costs equations and from previous research 

hypothesis results. Fourth, mathematical modelling is stochastic if its equations system is based 

on probability (Abanda, Tah & Cheung 2013; Ketokivi & Choi 2014; Sher & Punglia 2014). 

This research is including stochastic mathematical sub-systems such as Monte Carlo and data 

analysis approaches. Fifth, mathematical modelling is empirical if it uses real data (i.e., existing 
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data) to describe the comparison and relationship between two variables (Abanda, Tah & 

Cheung 2013). Real projects existing data will be used at the validation stage of this research 

study to compare the estimated value with the actual value. Therefore, this research study is 

including an empirical mathematical sub-system. However, researchers proved that 

mathematical systems are complex if they include internal sub-systems (Scheufele et al. 2018). 

Therefore, this mathematical research modelling is considered complex because it comprises 

several sub-systems, including more than one classification. Sixth, mathematical models can 

be continuous or discrete (Abanda, Tah & Cheung 2013). This research study will deal with 

this type of subjectively. For example, it will consider cost continuous whenever its analysis is 

based on curve equations. However, the modelôs cost will be considered discrete if its analysis 

is based on discrete-time intervals.  

 

4.3.5.1 Data Statistical Significance, Reliability and Validity 

 

Data significance, reliability, and validity are mechanistic mathematical modelling. 

There are two reliability types require to be included in this research as justified earlier. First, 

the reliability stability (i.e., strength) of collected data in this research will be the correlations 

between values of risks against their impacts and values of risks against their occurrence 

probabilities. However, the following hypotheses are used to complete stability analysis as the 

following: 

 

Let, ɟ represent the Correlation of Pearson Population, then 

HO:  ɟ = 0, (i.e., No Correlation between variables),   

H1:  ɟ Í 0, (i.e., Correlation is available between variables) 
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This research is using the SPSS software program to conduct statistical analysis. 

Therefore, it is crucial to represent the mathematical equations used in this study to understand 

data verification mathematical modelling better. The following equations from 4-2 to 4-5 are 

used in this statistical, mathematical modelling.  

 

Equation 4-2 

 

 

 
Equation 4-3 

  = nonzero eigenvalues  

 ́     = Durbin -Watson statistic hypothesis 

et    = the residual error 

et-1  = the previous residual error 

 

 

 

Equation 4-4 

 

d  = Durbin -Watson statistic 

t   = Time 

T  = total number of observations  

 

 

 

 

Equation 4-5 

 

 

 

R2 = ariance proportion in dependent variables explained by 

independent variables 

yi = actual Observation 

Ȓi = predicted Observation 

ὂ = mean of Actual value 

https://en.wikipedia.org/wiki/Errors_and_residuals_in_statistics
https://en.wikipedia.org/wiki/Errors_and_residuals_in_statistics
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This research study's reliability similarity correlation is to ensure that all outliers are 

eliminated and ensure no autocorrelation. After checking each riskôs stability (i.e., a correlation 

exists between each riskôs value against its impact/probability), the mean of error analysis and 

DurbinïWatson analysis will be conducted to ensure each riskôs collected data is falling within 

the acceptable range of values. The acceptable range of values to consider reliability similarity 

is the range that excludes the impact of outliers and autocorrelation (Kadiyala 1970; Nazif et 

al. 2016; Jafarzadeh et al. 2015). This means that regression analysis assumptions are satisfied 

(Kadiyala, 1970; Nazif et al. 2016; Jafarzadeh et al. 2015). In other words, linear-relationship, 

normality, independence, and homoscedasticity assumptions are satisfied (Kadiyala 1970; 

Nazif et al. 2016; Jafarzadeh et al. 2015). After ensuring that data stability correlation exists, 

these assumptions can be satisfied by having normally distributed independent standardized 

residuals scattered along the zero-horizontal line without identifying or detecting any pattern 

(Kadiyala 1970; Nazif et al. 2016; Jafarzadeh et al. 2015). Table 4-3 summarizes Regression 

Mandatory Error Assumptions. 

 

 

 

Next, the stability-similarity relationship is conducted based on P-Value's significance 

between the dependent variable with each of its independent variables (Vanderwal et al. 2021; 

Golafshani 2003). This research is approaching stability-similarity relationship by ensuring the 

SN Regression Mandatory Error Assumptions Validation Requirements  

1 
The errorôs probability distribution of the regression should be normally 

distributed (i.e., Bell-shaped). 

2 The errorôs population mean value (µŮ) must equal to zero. 

3 The errorôs variance (ŭ2) must be constant for all independent X values. 

4 The errors must be independent for all dependent Y values. 

Table 4-3: Regression Mandatory Error Assumptions Validation Requirements (Kadiyala 1970; 

Nazif et al. 2016; Jafarzadeh et al. 2015). 
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significance between risks and their impacts/probabilities. Linear regression analysis will be 

conducted for each risk variable. This will include the riskôs value as a dependent variable, 

while the independent variables will impact its probability values. Linear regression will model 

each cost risk's mathematical equation to adapt any change happening in the future related to 

risksô impact or probability as shown in equations 4-6 and 4-7 (Nazif et al. 2016).  

 

 
Equation 4-6 

 

 

Y = ɓ0+ ɓprob Xprob + ɓimp X imp+ ɝ     Equation 4-7 

 

Y = the Risk dependent Variable of each factor. 

Xprob and X imp = the probability and impact independent Variable of each factor. 

ɓprob and ɓimp, = the Linear Regression Coefficients for Xprob and Ximp, respectively of each factor. 

ɝ, = the Error (Considered Zero because this regression is not time-based). 

 

However, the degree of measurementsô repeatability to fall within a given range under 

high significance value proves that the results are reliable for analysis and discussion 

(Golafshani 2003). This research ensures data reliability by satisfying all reliability criteria 

types after collecting it quantitively before any analysis or discussion. This will provide the 

possible accurate cost estimation and cash flow modelling results. 
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4.3.5.2 Cost Risks Minimum -Maximum Limits  

 

Cost risk range identification, including minimum and maximum limits, is an essential 

mathematical process before moving to Monte Carlo simulation. It is done after validating all 

collected data (i.e., risks, impact, and probability). Each validated cost risk has a mean and 

standard deviation value. This research is using expertsô data to simulate actual costs in the 

future. It will require a minimum sample size equal to 385 for unknown populations using 

Equation 4-8 (Sathian et al. 2010). Alternatively, a sample size equal to 400 from published 

quantitative sample-size tables (Singh & Masuku 2014). 

 

Equation 4-8 

n0= Sample Size 

Z=  Standard score 

p = the (estimated) proportion of the population (variability) 

q = 1 ï p 

e = Desired level of precision (i.e., 0.05 for 95% confidence level) 

 

 

Therefore, the following quantitative minimum required sample calculation of 

unknown population, using equation 4-8, is including Z= 1.96 (Sathian et al. 2010). It is 

assuming the population error of confidence level 95% as e (i.e., 1 - 0.95 = 0.05) and it is 

assuming maximum variability as justified earlier (i.e., P = 0.5).  

ὛὥάὴὰὩ ὛὭᾀὩ
ρȢωφz πȢυz πȢυ

πȢπυ
σψτȢρφ σψυ 

Alternatively, it is possible to use the Monte Carlo simulation to cover the smaller 

sample size gaps. This research study is justified in how the acceptable sample size is equal to 

55 face-to-face survey interviews. Therefore, this research study does not follow the published 

table or sample size mathematical calculations, as mentioned in Equation 4-8. However, it is 
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still required to include accurate mathematical modelling to deliver an accurate final cost 

estimation model. Monte Carlo simulation can guaranty the high precision of each modelled 

variable (Heijungs 2020). It requires upper and lower limits to ensure precise accuracy 

(Heijungs 2020). These limits need to be around the actual population's mean using standard 

deviation (Heijungs 2020). Therefore, valid sample size and data collection methods ensure 

accurate means and standard deviations as justified earlier. These data will successfully 

represent the population's mean and standard deviation, as proved earlier. Therefore, in this 

research study, Monte Carlo variablesô modelling limits are extracted from the validated 

expertsô face-to-face survey interviews to ensure accuracy. Figure 4-15 clarifies the difference 

between accuracy and precision (Heijungs 2020). Valid data will ensure accuracy, and Monte 

Carlo simulation will ensure the precision of each variable. 

 

 

 

 

 

 

 

Finally, equation 4-9 is used to define the Monte Carlo upper and lower limits. The following 

part will detail how Monte Carlo simulation is accomplished in this research study. 

 

╜▫▪◄▄ ╒╪►■▫ ╤▬▬▄►  
╪▪▀ ╛▫◌▄► ╛░□░◄▼ 

╒▫▼◄ ╡░▼▓ ╜▄╪▪ ╢◄╪▪▀╪►▀ ╓▄○░╪◄░▫▪ Equation 4-9 

 

 

  

Figure 4-15: the difference between accuracy and precision (Heijungs 2020). 

Accuracy Precision 
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4.3.5.3 Monte Carlo Simulation 

 

This part will explain how Monte Carlo modelling is validated in this research study. 

Monte Carlo modelling is the stochastic mathematical estimation modelling of this research 

study (Bukaçi et al. 2016). This method is used to maximize the likelihood of functions 

representing actual results at absent data incidence (Caffo, Jank & Jones 2005). It is also used 

in previous research to maximize linear equations' likelihood to represent actual data (Lai & 

Lin 2011). Also, researchers proved that it is valuable for conducting unbiased simulations 

(Thompson & McLeod, 2009). However, it is found in previous research that Monte Carlo 

simulation requires a minimum number of iterations (i.e., random values) to validate functionsô 

likelihood of actual representation (Heijungs 2020; Bukaçi 2016; Caffo, Jank & Jones 2005; 

Nowak et al. 2016; Thompson & McLeod 2009). It is found that previous research used a wide 

range of valid Monte Carlo iterations, including 100, 1,000, 10,000, 1x105, and 1x107 

(Heijungs 2020; Nowak et al. 2016; Thompson & McLeod 2009). It is also extracted from the 

literature that Monte Carlo required the number of iterations based on the research type 

(Heijungs 2020; Bukaçi 2016; Caffo, Jank & Jones 2005; Nowak et al. 2016; Thompson & 

McLeod 2009). It is unnecessary to have more accurate outputs by adding more iterations; in 

other words, previous research proved that using 1x105 iterations is more accurate than using 

1x107 iterations for the same study (Thompson & McLeod 2009). It is essential to identify the 

minimum required valid iteration number in this research. Moreover, in literature, similar life 

cycle assessment studies declared that it is common to use Ó10,000 iterations for Monte Carlo 

modelling and recommended this minimum valid number (i.e., 10,000) for life cycle 

assessment studies (Heijungs 2020). Therefore, this research study uses 10,000 iterations for 

each cost risk Monte Carlo simulation without increasing iterations to prove its validity.  
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The mathematical modelling equations of this research Monte Carlo simulation require 

several assumptions to validate it from a client perspective at the pre-construction stage. These 

assumptions are listed based on what is explained earlier as the following: 

¶ Constructions and projects industry experts provide all survey risks. 

¶ All weighted risks have an appropriate risk management system set by contractors with 

values equal to what is provided by industry experts. These risk values are identified 

and assessed successfully by contractors throughout the projectsô whole life cycle.   

¶ All risks identified by industry experts have been considered by contractors and 

included in the contract value cost. Therefore, the contract bill of quantity pricing is 

done by contractors and is including all identified risks by industry experts. 

¶ The Monte-Carlo simulation will be used to calculate the error in the projectôs risk 

management system and find the adjustment value for each risk factor. It is required 

because the project's actual costs are not matching pre-construction estimated costs as 

justified earlier. Therefore, this is evidence of having errors in experts identified risk 

values. Moreover, it will be corrected through this research Monte Carlo method. 

¶ The adjustment values are errors of mean risks, minimum risks, and maximum Risks. 

It will be used in the final system dynamics model to ensure that the estimated cost 

includes all its possible impacting risks. This will be including the known risksô 

weightage identified by experts (i.e., known-known and known-unknown risks). 

Moreover, it will include the unknown risk error (i.e., unknown-unknown risks) by 

conducting Monte-Carlo Simulation for each cost risk variable.  

¶ Based on the justified reasons behind considering the error of expertsô judgment when 

estimating costs at the pre-construction stage from a client perspective, the final 
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modelôs minimum, mean, and maximum risks are the error of minimum, mean, and 

maximum risks.  

The adjusted mean is the sample mean after implementing Monte Carlo outputs. This 

research assumes that the population mean equal to the adjusted mean after finding out each 

risk variable's error and embracing it in the variable's sample mean. This declaration is to 

recommend further research periodically to measure risks error and update it continuously. 

However, as of this research time, all risks are considered accurate and reflect the population's 

actual data. 

From Figure 4-15, it is clear why using Monte Carlo simulation is essential. However, 

shifting data means should be done based on moving the full distribution to avoid discrediting 

experts' data. The mean only shall be moved toward the believed actual population means µ 

without changing each risk's standard deviation. Figure 4-16 clarifies how this research intends 

to conduct the required shift successfully.  

 

 

 

 

 

 

 

 

The reason behind fixing each variableôs standard deviation is to maintain expertsô data 

reliability and validity. Figure 4-17 shows how standard deviation change impacts data 

distribution significantly and withdraws data credibility. However, the normal back 

Figure 4-16: Shifting data mean without discredit distribution 

reliability should be without changing the standard deviation. 
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distribution has the largest standard deviation. The red-normal distribution has a smaller 

standard deviation than the black one, but it is larger than the normal green distribution 

standard deviation. Finally, the green-normal distribution has the smallest standard deviation.  

 

 

 

 

 

 

 

Therefore, the adjusted mean value can be calculated for each risk variable using 

equations 4-10. Then, the adjustment mean value (i.e., error) can be calculated for each risk 

variable using Equation 4-11. This process is clarified in Figure 4-18 for better understanding. 

 

 

 

 

 

 

 

 

  

Figure 4-17: showing how shifting data mean while changing its standard deviation 

discredit the full data distribution and withdraw its reliability and validity. 
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Figure 4-18: clarify the difference between survey risk mean and adjusted risk 

mean for the same data distribution of each variable.    
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Adjusted Mean Value = Min + [MC * (Max ï Min)]  Equation 4-10 

Min  = the Minimum Survey Risk Value  

Max = the Maximum Survey Risk Value 

MC  = Monte Carlo average of 10,000 random values (between 0 to 1). 

 

Adjustment Mean Value = 

  

 
Equation 4-11 

 

 

 

After implementing the Monte Carlo simulation method, final system dynamics data 

inputs can achieve the required accuracy and precision, as shown in Figure 4-19. This will 

improve the final cost estimation using the system dynamics approach. 

 

 

 

 

 

 

 

However, it is found that Adjusted Mean Risk, Adjusted Maximum Risk, and Adjusted 

Minimum Risk have the same mathematical relationship between Survey Mean Risk, Survey 

Maximum Risk, and Survey Minimum Risk. This is justified and proved in equations 4-12 to 

4-19. These equations clarify how the adjusted minimum and adjusted maximum values are 

mathematically calculated.  

Figure 4-19: Experts data and Monte Carlo modelling impact on final outputsô 

accuracy and precision. 

Accuracy Precision 

Expert Data Monte Carlo Adjusted Expert Data with 

Monte Carlo Simulation 

Accurate Precision 
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Based on 95% Confidence: 

 
-ÁØ 2ÉÓË Øȇ ς„ 

 
-ÉÎ 2ÉÓËØȇς„ 

 

Ɑ ÉÓ ÔÈÅ ÒÉÓË ÓÔÁÎÄÁÒÄ ÄÅÖÉÁÔÉÏÎ 

Øȇ ÉÓ ÔÈÅ ÓÕÒÖÅÙ ÓÁÍÐÌÅ ÍÅÁÎ ÒÉÓË 

Max Risk is the Normal Distribution Upper Limit 

Min Risk  is the Normal Distribution Lower Limit 

 

 

Equation 4-12 

 

Equation 4-13 

 

 

 

 

 

 

 

From equations 4-12 and 4-13 

ς„ ὓὥὼ ὙὭίὯ Øȇ  Øȇ ὓὭὲ ὙὭίὯ 

 

Equation 4-14 

ς Ø ὓὭὲ ὙὭίὯ ὓὥὼ ὙὭίὯ Equation 4-15 

From equation 4-11: 

 

Adjustment Mean Value (error) 

 

 
ὃὨὮόίὸὩὨ ὓὩὥὲ Øȇ

Øȇ
 

 

 

Equation 4-16 

 

By feeding equation 4-16 into equation 4-15 and by using mathematical 

multiplication  and division properties: 

 

 

ς Øȇz
ὃὨὮόίὸὩὨ ὓὩὥὲ Øȇ

Øȇ
ὓὭὲ ὙὭίὯὓὥὼ ὙὭίὯz

ὃὨὮόίὸὩὨ ὓὩὥὲ Øȇ
Øȇ

 

 
ς ØȇzὃὨὮόίὸάὩὲὸ ὓὩὥὲὓὭὲ ὙὭίὯὓὥὼ ὙὭίὯzὃὨὮόίὸάὩὲὸ ὓὩὥὲ 
 

ς ὃὨὮόίὸάὩὲὸ ὓὩὥὲ
ὓὭὲ ὙὭίὯ

Øȇ
ὓὥὼ ὙὭίὯ

Øȇ
ὃzὨὮόίὸάὩὲὸ ὓὩὥὲ 

 

 

 

 

 

 

 

 

 

 

 

 

Equation 4-17 

 

Therefore, equations 4-15 and 4.16 can be concluded from equations 4-13 and 4-14. 

Adjustment minimum risk value 
ὓὭὲ ὙὭίὯ

Øȇ
ὃzὨὮόίὸάὩὲὸ ὓὩὥὲ Equation 4-18 

Adjustment maximum risk value 
ὓὥὼ ὙὭίὯ

Øȇ
ὃzὨὮόίὸάὩὲὸ ὓὩὥὲ Equation 4-19 
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4.3.5.4 Construction Cash Flow S-Curve 

 

This mathematical modelling is deterministic because its answer has exact values. 

Previous research outputs and equations were studied intensively, using a cash flow s-curve to 

ensure accurate cost estimation (Cristóbal 2017). However, researchers such as Gates and 

Scarpa (1979), Peer (1982), Kenley and Wilson (1986), Tuker (1988), Miskawi (1989), 

Khosrowshahi (1991), Navon (1996), Skitmore (1998), Kaka (1999), Kaka (1993), Chao and 

Chien (2010), and Brandewinder (2017) are referenced in several literature to validated 

construction cost s-curve equation (Cristóbal 2017; Odeyinka, Lowe & Kaka 2013; Abanda, 

Tah & Cheung 2013; Ahiaga-Daghui 2014). Therefore, this research study will use the same 

validated s-curve equation, as shown in equation 4-20 to 4-21. It is found that equation 4-21 

has a better performance in modelling results, as shown in Figure 4-20. 

 

 

Equation 4-20 

X = the time point on S-Curve chart 

e = exponential constant 

 

 
 

T0  = the maximum slop adjusting parameter.  

The maximum slop increases as it increase. 

 t   = the time step of f(x) cash flow point. 

 

 

 

Equation 4-21a 

 

 

f (X) = Cost S-Curve =   Ȣ Ȣ   (From similar literature) 

 

Equation 4-21b 

 

f (X) = Cost S-Curve =   Ȣ Ȣ   (Adapted from similar literature) 

 

Equation 4-21 
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In this research study, system dynamics model validation will use real project data. 

However, as requested by projectsô data providers, it is mandatory to avoid showing the actual 

payments of each used cash flow. In the United Arab Emirates construction industry, the cash 

flow payments curve is divided into 12 months. Therefore, this research used eight time-steps 

per year instead of 12 to avoid showing actual payments in this study. The number of time-

steps has been reduced from 12 to 8 per year with the projectsô data providers' approval. As a 

result, the final model can be validated using real project data while satisfying its requested 

confidentiality.   

 

 

 

In  

                                                                   

                                                                            

 

 

 

 

 

 

 

 

 

 

 

 

Year 

Time 

Step 

Cost Cash Flow 

Increasing  

S-Curve 

0 0.022 

0.125 0.031 

0.25 0.043 

0.375 0.059 

0.5 0.081 

0.625 0.110 

0.75 0.147 

0.875 0.195 

1 0.254 

1.125 0.322 

1.25 0.400 

1.375 0.483 

1.5 0.567 

1.625 0.647 

1.75 0.720 

1.875 0.783 

2 0.835 

2.125 0.876 

2.25 0.908 

2.375 0.933 

2.5 0.951 

2.625 0.965 

2.75 0.975 

2.875 0.982 

3 1.000 

Figure 4-20: The final S-Curve used in this research construction system dynamics cost modelling. 
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4.3.5.5 Construction Risk S-Curve 

 

According to Oxford Advanced Learnerôs Dictionary (1995), risk definition is the 

possibility of suffering harm or loss; or facing danger or failure (Baloi & Price 2003). 

Therefore, it is challenging to generalise its measurement or its behaviour throughout projects. 

This mathematical modelling is deterministic because its answer has exact values. However, 

risks can be used for the study as long its definition can be met and satisfied through the 

assigned measurement or behaviour criteria (Baloi & Price 2003). Several facts need to be 

considered in order to finalize the construction risk equation. First, construction risk is taking 

an exponential function for costs and financial situations (Dowd & Cotter 2007). Second, 

construction (i.e., buildings) risk behaviour is based on a decreasing S-Curve (Pajares & López-

Paredes 2011). Third, to satisfy the risk definition, the probability of facing danger during 

construction will be in the remaining time, and the amount of cash paid. These are the required 

risk behaviour considerations in this research system dynamics cost estimation model. The 

conditional probability intersection relationship between two events is mathematically 

represented by multiplication (Techet 2005). There are two calculation parts of construction 

cost risks. The cash flow s-curve is based on time and costs ratio/percentage (i.e., X and Y). 

First, the probability of facing danger in time at each time step is the weightage of remaining 

time concerning total construction time. It will equal the ratio of time remaining to total 

construction time, as shown in equation 4-22. Second, the probability of facing danger in costs 

at each time step is the weightage of remaining costs concerning total construction cost. It will 

equal the ratio of remaining unpaid value to total construction cost. This can be extracted from 

Figure 4-20 and equations 4-23 and 4-24. In equation 4-23, limits function are important to 

show the exact calculations of CS as risk time step value (i.e., TS) approaches cash flow s-curve 

time step value (i.e., t). Construction risks are active from just before the first cash flow 
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payment until the last cash flow payment. In other words, construction risks are 100% just 

before starting and 0% at the finishing time. Thus, the construction risk curve will equal the 

probability of facing risk in the remaining time multiply by the probability of facing danger in 

the remaining cash flow amount will equal to this research risk decreasing s-curve as shown in 

equations 4-25 and 4-26 (Pajares & López-Paredes 2010; Techet 2005; Dowd & Cotter 2007).  

Therefore, this research risk s-curve will equal to Figure 4-21 chart values. Furthermore, it will 

be used in the final VENSIM system dynamics cost modelling.  

 

╟╣  
╣╔   ╣╢

╣╔
 Time Risk  Equation 4-22 

╟╣ = the probability of time danger 

TE = the total execution time 

TS = the risk time step value 

 

╒╢ ἴἱἵ
ἢ╢O Ἴ Ἥ Ȣ Ἴ Ȣ

 Equation 4-23 

CS = the cost S curve value at each time step (from 0 to 1).  

 t   = the time step of f(x) cash flow point. 

╟╒    ╒╢  Equation 4-24 

╟╒ = the probability of cost danger  

╟ ╣░□▄ ╡░▼▓᷊╒▫▼◄ ╡░▼▓   ╟╣  z╟╒ Equation 4-25 

Risk S-Curve = 
╣╔   ╣╢

╣╔
 ᶻ ἴἱἵ

ἢ╢O Ἴ Ἥ Ȣ Ἴ Ȣ
 Equation 4-26 
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4.3.5.6 Capital Expenditure 

 

This mathematical modelling is deterministic because its answer has exact values. 

There are several calculation steps to calculate total capital expenditures. First, it must calculate 

each construction risk-group cost, as shown in equations 4-27 to 4-29. Then, construction 

activitiesô risks cost mathematical calculation will use equations 4-30 to 4-32 to include all 

risks-groups costs concerning construction risk s-curve. Finally, CAPEX total costs will use 

equation 4-33 to 4-36 to calculate the value used for OPEX calculations in the following stages. 

Therefore, this research CAPEX mathematical modelling is detailed, as shown in equations 4-

27 to 4-36. Finally, the design stage construction contract value is considered the initial stage 

of this research model cost modelling. This study will adjust the construction contract value 

provided by contractors at the pre-construction stage by investigating its change under cost 

risks impact. 

Figure 4-21: Tending the construction Risk S-Curve which will be used in 

final system dynamics model. 
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╒╡╖□▄╪▪  
ὃὨὮόίὸὩὨ ὓὩὥὲ Øȇ

Øȇ
 

░  ◄  

 

 

CRGmean = the mean cost risks of each CAPEX risk group.  

   t          = system dynamics time steps (t = 0, 0.125, 0.25, 0.375, 0.5, é, 3). 

   i          = the risk number in each group (i = 1, 2, 3, é, etc.). 

Equation 4-27 

 

 

 

 

 

╒╡╖□░▪  
ὓὭὲ ὙὭίὯ

Øȇ
ὃzὨὮόίὸάὩὲὸ ὓὩὥὲ

░  ◄  

 

 

CRGmin   = the minimum cost risks of each CAPEX risk group.  

   t          = system dynamics time steps (t = 0, 0.125, 0.25, 0.375, 0.5, é, 3). 

   i          = the risk number in each group (i = 1, 2, 3, é, etc.). 

Equation 4-28 

 

 

 

 

 

╒╡╖□╪●  
ὓὥὼ ὙὭίὯ

Øȇ
ὃzὨὮόίὸάὩὲὸ ὓὩὥὲ

░  ◄  

 

 

CRGmax    = the maximum cost risks of each CAPEX risk group.  

   t          = system dynamics time steps (t = 0, 0.125, 0.25, 0.375, 0.5, é, 3). 

   i          = the risk number in each group (i = 1, 2, 3, é, etc.). 

Equation 4-29 

 

 

 

 

 

╒╡╒□▄╪▪  ὅ #zÏÓÔ 3 #ÕÒÖÅ ÖÁÌÕÅ

▪  ◄  

 

 

CRCmean = CAPEX Risks Cost (mean risk). 

   t          = system dynamics time steps (t = 0, 0.125, 0.25, 0.375, 0.5, é, 3). 

   n         = the group number in CAPEX risks (i = 1, 2, 3, é, etc.). 

Equation 4-30 

 

 

 

 

╒╡╒□░▪    ὅ #zÏÓÔ 3 #ÕÒÖÅ ÖÁÌÕÅ

▪  ◄  

 

 

CRCmin   = CAPEX Risks Cost (min risk). 

   t          = system dynamics time steps (t = 0, 0.125, 0.25, 0.375, 0.5, é, 3). 

   n         = the group number in CAPEX risks (i = 1, 2, 3, é, etc.). 

Equation 4-31 

 

 

 

 

╒╡╒□╪●    ὅ #zÏÓÔ 3 #ÕÒÖÅ ÖÁÌÕÅ

▪  ◄  

 

 

CRCmax   = CAPEX Risks Cost (max risk). 

   t          = system dynamics time steps (t = 0, 0.125, 0.25, 0.375, 0.5, é, 3). 

   n         = the group number in CAPEX risks (i = 1, 2, 3, é, etc.). 

Equation 4-32 
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# $ #zÏÓÔ 3 #ÕÒÖÅ ÖÁÌÕÅ 
 

   #      = initial construction contract cost at each time steps (t = 0, 0.125, 0.25, é, 3). 

 $      = the initial construction contract cost at pre-construction design stage 

Equation 4-33 

 

 

 

╒═╟╔╧ ╣▫◄╪■ ╒▫▼◄ □▄╪▪ ►░▼▓▼  

◄  

# #z 2zÉÓË 3 #ÕÒÖÅ ÖÁÌÕÅ 

 

CRCmean = CAPEX Risks Cost (mean risk). 

    t     = system dynamics time steps (t = 0, 0.125, 0.25, 0.375, 0.5, é, 3). 

   #    = initial construction contract cost at each time steps (t = 0, 0.125, 0.25, é, 3). 

Equation 4-34 

 

 

 

 

 

╒═╟╔╧ ╣▫◄╪■ ╒▫▼◄ □░▪ ►░▼▓▼  

◄  

# #z 2zÉÓË 3 #ÕÒÖÅ ÖÁÌÕÅ 

 

CRCmin = CAPEX Risks Cost (min risk). 

    t       = system dynamics time steps (t = 0, 0.125, 0.25, 0.375, 0.5, é, 3). 

   #      = initial construction contract cost at each time steps (t = 0, 0.125, 0.25, é, 3). 

Equation 4-35 

 

 

 

 

╒═╟╔╧ ╣▫◄╪■ ╒▫▼◄ □╪● ►░▼▓▼  

◄  

# #z 2zÉÓË 3 #ÕÒÖÅ ÖÁÌÕÅ 

 

CRCmin = CAPEX Risks Cost (min risk). 

    t       = system dynamics time steps (t = 0, 0.125, 0.25, 0.375, 0.5, é, 3). 

   #      = initial construction contract cost at each time steps (t = 0, 0.125, 0.25, é, 3). 

Equation 4-36 

 

 

 

 

 

4.3.5.7 Equipment Replacement  

 

This mathematical modelling is empirical because it is based on real data. The 

published literature shows that MEP cost has a percentage of the total building cost (Riley et 

al. 2005). However, Figure 4-22 summarizes MEP cost percentage based on building type 

(Riley et al. 2005). Also, researchers studied MEP replacement over its life cycle to measure 

its cost (Wu & Clements-Croome 2007). These researches proved that the equipment life span 

is equal to 25 years (Wu & Clements-Croome 2007). Therefore, this research study assigns 

equipment replacement intervals every 25 years using equation 4-37. 
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╔▲◊░▬□▄▪◄ ╡▄▬■╪╬▄□▄▪◄ 

◄  

$ %z  

 

t     = system dynamics time of pulse impact (t = 28, 53). Every 25 years after CAPEX. 

$   = the initial construction contract cost at pre-construction design stage 

%  = equipment replacement cost as a ratio of total building cost (% πȢρυ 

Equation 4-37 

 

 

 

 

 

 

 

4.3.5.8 Operational Expenditure 

 

This mathematical modelling is deterministic because its answer has exact values. 

Unlike capital expenditures (i.e., CAPEX), projectsô operational expenditures (i.e., OPEX) are 

following linear relation with risks and time (Kirkwood et al. 2016). In projectsô forecasting, 

researchers concluded that it is important to start activating OPEX calculations just after 

deactivating CAPEX calculation impact, without overlapping, to end with accurate estimation 

results (Cambini, Congiu & Soroush 2020). Operational expenditure includes all facilitiesô 

operation-and-maintenance costs (i.e., O & M), spare parts costs, and energy costs (Sharma, 

Najafi & Qasim 2013). Previous research found that buildings operation and maintenance have 

Figure 4-22: This figure is adapted by ñRiley et al., 2005ò for ñTao et al., 2001ò 

table showing the percentage of MEP costs compared to the total building costs 

including residential building projects (Riley et al., 2005). 
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an average equal to 9% of the buildings MEP initial investment costs (i.e., 15% of construction 

total costs) over 25 years, as shown in Figures 4-22 and 4-23 (Wu & Clements-Croome 2007). 

Thus, operation and maintenance cost equal to 0.09 multiply by CAPEX total cost multiply by 

0.15.  

 

 

 

 

However, it excludes equipment replacement costs because CAPEX is considered in 

some research and OPEX in other research (Sharma, Najafi & Qasim 2013; Ioannou, Angus & 

Brennan 2017). However, this research study will include equipment replacement separately, 

as CAPEX adjustments, in the final projectôs whole life cycle cost model. OPEX mathematical 

modelling equation is based on CAPEX value, as shown in equations 4-38 to 4-46. 

╞╡╖□▄╪▪
ὃὨὮόίὸὩὨ ὓὩὥὲ Øȇ

Øȇ
 

░  

 

 

ORGmean = the mean cost risks of OPEX risk group.  

   i          = the risk number in OPEX group (i = 1, 2, 3, é, etc.). 

Equation 4-38 

 

 

 

 

 

╞╡╖□░▪
ὓὭὲ ὙὭίὯ

Øȇ
ὃzὨὮόίὸάὩὲὸ ὓὩὥὲ

░  

 

 

ORGmin   = the minimum cost risks of OPEX risk group.  

   i          = the risk number in OPEX group (i = 1, 2, 3, é, etc.). 

Equation 4-39 

 

 

 

 

 

╞╡╖□╪●
ὓὥὼ ὙὭίὯ

Øȇ
ὃzὨὮόίὸάὩὲὸ ὓὩὥὲ

░  

 

 

CRGmax    = the maximum cost risks of OPEX risk group.  

      i       = the risk number in OPEX group (i = 1, 2, 3, é, etc.). 

Equation 4-40 

 

 

 

 

 

Figure 4-23: This figure is adapted by Wu and Clements-Croome (2007) for Schaufelberger and 

Jacobson (2000) and Fuller (2005) table showing the percentage of operations and maintenance costs 

compared to the total building costs including residential buildings projects (Riley et al. 2005).  
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╞╡╒□▄╪▪╞╟╔╧ ╡░▼▓▼ ╒▫▼◄ □▄╪▪ ►░▼▓    

◄  

╞╡╖□▄╪▪z╞╜ ╔z╒
9

 

 

YTS   = the number of time steps per year (YTS = 8). 

 t       = system dynamics time steps (t = 3, 3.125, 3.25, 3.375, 3.5, é, 60). 

╞╜    = the ratio of operation and maintenance to initial capital investment (╞╜ = 0.09/25). 

╔╒     = the equipment to initial capital investment ratio (╔╒ = 0.15). 

Equation 4-41 

 

 

 

 

╞╡╒□░▪╞╟╔╧ ╡░▼▓▼ ╒▫▼◄ □░▪ ►░▼▓    

◄  

╞╡╖□░▪z╞╜ ╔z╒
9

 

 

YTS   = the number of time steps per year (YTS = 8). 

 t       = system dynamics time steps (t = 3, 3.125, 3.25, 3.375, 3.5, é, 60). 

╞╜    = the ratio of operation and maintenance to initial capital investment (╞╜ = 0.09/25). 

╔╒     = the equipment to initial capital investment ratio (╔╒ = 0.15). 

Equation 4-42 
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◄  

╞╡╖□╪●z╞╜ ╔z╒
9

 

 

YTS   = the number of time steps per year (YTS = 8). 

 t       = system dynamics time steps (t = 3, 3.125, 3.25, 3.375, 3.5, é, 60). 

╞╜    = the ratio of operation and maintenance to initial capital investment (╞╜ = 0.09/25). 

╔╒     = the equipment to initial capital investment ratio (╔╒ = 0.15). 

Equation 4-43 

 

 

 

 

 

╞╟╔╧ ╣▫◄╪■ ╒▫▼◄ □▄╪▪ ►░▼▓  

◄  

$ /z  

 
  t          = system dynamics time steps (t = 3, 3.125, 3.25, 3.375, 3.5, é, 60). 

 $         = the initial construction contract cost at pre-construction design stage. 

ORCmean   = OPEX risks cost (mean risk). 

 

Equation 4-44 

 

 

╞╟╔╧ ╣▫◄╪■ ╒▫▼◄ □░▪ ►░▼▓  

◄  

$ /z  

 
  t         = system dynamics time steps (t = 3, 3.125, 3.25, 3.375, 3.5, é, 60). 

 $        = the initial construction contract cost at pre-construction design stage. 

ORCmin    = OPEX risks cost (min risk). 

 

Equation 4-45 
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╞╟╔╧ ╣▫◄╪■ ╒▫▼◄ □╪● ►░▼▓  

◄  

$ /z  

 
  t         = system dynamics time steps (t = 3, 3.125, 3.25, 3.375, 3.5, é, 60). 

 $        = the initial construction contract cost at pre-construction design stage. 

ORCmax   = OPEX risks cost (max risk). 

 

Equation 4-46 

 

 

 

 

 

 

 

4.3.5.9 Projectôs Whole Life Cycle Total Expenditure 

 

Total expenditure (i.e., TOTEX) mathematical modelling is the last step, before NPV, 

in forming this research system dynamics, final cost model. Regulators use TOTEX to address 

projectsô cost problems and make investment decisions (Cambini, Congiu & Soroush 2020). 

Previous research proved that the TOTEX approach has great efficiency in assessing large 

investment projects (Cambini, Congiu & Soroush 2020). Therefore, this research study is 

including the projectôs whole life cycle total cost (i.e., TOTEX) in its cost estimation final 

model. TOTEX will be calculated for each risk level (i.e., minimum, mean, and maximum 

risks). The mathematical calculation will equal the summation of CAPEX total costs, OPEX 

total costs, and equipment costs in each step of the project cycle. Finally, this mathematical 

model is considered deterministic because it will provide exact values for each time step output. 

It will also create the combined cost chart from the first time-step to the last time-step of 

residential projectsô whole life cycle (i.e., 60 years). Equations 4-47 to 4-49 will present 

TOTEX mathematical equations. 
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t   = System dynamics time steps (t = 0, 0.125, 0.25, 0.375, 0.5, é, 60). 

TOTEXmean   = Total expenditure under mean risk impact. 

 

 

Equation 4-47 
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t   = System dynamics time steps (t = 0, 0.125, 0.25, 0.375, 0.5, é, 60). 

TOTEXmin   = Total expenditure under minimum risk impact. 

 

 

Equation 4-48 
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t   = System dynamics time steps (t = 0, 0.125, 0.25, 0.375, 0.5, é, 60). 

TOTEXmax   = Total expenditure under maximum risk impact. 

 

 

Equation 4-49 

 

 

 

 

 

 

4.3.5.10 Net Present Value 

 

Previous research proved that a projectôs whole lifecycle cost estimation requires net 

present value (i.e., NPV) calculations (Akter, Mahmud & Oo 2017). This is essential for 

investment return appropriate decisions (Akter, Mahmud & Oo 2017). The discount rate of 

calculating NPV can be extracted from local government financial institutions (Florio, Forte & 

Sirtori 2016). Previous research agreed that operational expenditure NPV is mandatory for 

future investment cost models (Akter, Mahmud & Oo 2017; Florio, Forte & Sirtori 2016). 

Thus, this research study will consider net present value calculation for each OPEX and project 

the whole life cycle using equations 4-50 to 4-52 and UAE discount rate in Figure 4-23 (Jang 

2011). However, construction capital initial investment does not require separate NPV 

(McLean & McGovern 2017; Nguyen, Ogunlana & Lan 2004; Abdelsalam & Gad 2009). The 

return on investment in CAPEX is measured based on criteria other than NPV, such as the 
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performance, quality, and cost (McLean & McGovern 2017; Nguyen, Ogunlana & Lan 2004; 

Abdelsalam & Gad 2009). It is the most accurate way to ensure that the operational project 

stage will function without fail (McLean & McGovern 2017; Nguyen, Ogunlana & Lan 2004; 

Abdelsalam & Gad 2009). Therefore, this research study included CAPEX measurement 

criteria as justified earlier by considering all its related risks. There will be no separate NPV 

calculations for CAPEX. However, it can be extracted from the projectôs whole life cycle NPV 

chart.    
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NPVPWLCmean    = Net Present Value of projectôs whole life cycle under mean risk impact 

  t                      = System dynamics time steps (t = 0, 0.125, 0.25, 0.375, 0.5, é, 60). 

 %)"/2             = The discount rate provided by the Central Bank of UAE in percentage. 

TOTEXmean      = Total expenditure under mean risk impact. 

Equation 4-50 

 

 

 

 

 

 

 

Figure 4-24: a screen shot of the official EIBOR rate value in the United Arab Emirates as of 23rd 

February 2020 which is used in calculating the net present value of the developed system dynamics 

model and its mathematical equation system. 
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NPVPWLCmin   = Net Present Value of projectôs whole life cycle under minimum risk impact 

  t                   = System dynamics time steps (t = 0, 0.125, 0.25, 0.375, 0.5, é, 60). 

 %)"/2          = The discount rate provided by the Central Bank of UAE in percentage. 

TOTEXmin     = Total expenditure under minimum risk impact. 

Equation 4-51 
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NPVPWLCmax   = Net Present Value of projectôs whole life cycle under maximum risk impact 

  t                   = System dynamics time steps (t = 0, 0.125, 0.25, 0.375, 0.5, é, 60). 

 %)"/2          = The discount rate provided be Central Bank of UAE in percentage. 

TOTEXmax     = Total expenditure under maximum risk impact. 

Equation 4-52 

 

 

 

 

 

 

 

 

4.3.5.11 Projectôs Whole Lifecycle System Dynamics 

 

System dynamics can be defined as a set of variables and components interacting with 

each other through different relationships (Yuan et al. 2011; Marzouk & Azab 2014; Sterman 

2003; Choopojcharoen & Magzari 2012). Modelling is essential to understanding the skeleton's 

problem and how decisions will impact its outputs (Choopojcharoen & Magzari 2012). The 

beauty of system dynamics modelling is that it can clarify variables movements through time 

using linear and non-linear mathematical modelling (Yuan et al. 2011; Marzouk & Azab 2014; 

Sterman 2003; Choopojcharoen & Magzari 2012). It will allow us to see graphically (i.e., charts 

and diagrams) and numerically all events and changes within a modelled system. This 

mathematical modelling classification is under dynamical mathematics. This is because the 

VENSIM software programme is based on differential equations and time-based analysis 
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(Yuan et al. 2011; Marzouk & Azab 2014; Sterman 2003; Choopojcharoen & Magzari 2012). 

First, the used approach in this research is based on stock and flow dynamics as justified earlier. 

However, equations 4-53 to 4-55 clarify how VENSIM uses the previous mathematical models 

in stock and flow dynamical system as shown in Figure 4-25 (Yuan et al. 2011; Marzouk & 

Azab 2014; Sterman 2003; Choopojcharoen & Magzari 2012). 

 

 

 
Equation 4-53 

 
Equation 4-54 

 
 

t = System dynamics time steps (t = 0, 0.125, 0.25, 0.375, 0.5, é, 60). 

Equation 4-55 

 

 

 

The two types of system dynamics diagrams are open flow diagrams and causal loop 

diagrams (Yuan et al. 2011; Marzouk & Azab 2014; Sterman 2003; Choopojcharoen & 

Magzari 2012). Causal loops are not used in this research cost modelling. However, it has been 

introduced earlier in this study. On the other hand, open flow diagrams are used through the 

stock and flow dynamical systems. The previous researcher explained the approach of solving 

open flow problems based on identifying the problem's goals and situation (Sterman 2003). 

Then analyze it to have a decision (Sterman 2003). Then, implement the solution/decision to 

obtain desired results (Sterman 2003). Figure 4-26 is explaining how to open flow problems 

should be handled (Sterman 2003). Therefore, this research study identified the goal of building 

Figure 4-25: System Dynamics stock and flow diagram. 
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a cost estimation model using a system dynamics approach to solve the problem of having 

issues in projectsô cost estimation as justified in chapter 2. Finally, the results will be discussed 

in the following chapters to obtain this research investigation answers.  

 

 

 

 

According to researchers, stock and flow systems are like water inflow and outflow 

from a basin, as shown in Figure 4-27 (Sterman 2003). It is because of the differences between 

inflow and outflow rates (Sterman 2003). The inflow and outflow can change to adapt linear 

and nonlinear mathematical models (Yuan et al. 2011; Marzouk & Azab 2014; Sterman 2003; 

Choopojcharoen & Magzari 2012). However, the stock results from inflows and outflows in an 

open flow system (Yuan et al. 2011; Marzouk & Azab 2014; Sterman 2003; Choopojcharoen 

& Magzari 2012). In this research study, cost cash-flow and rate over time are considered the 

system inflow and outflow. On the other hand, total costs until any time step point are 

considered the stock of this research system. The overall main stocks are CAPEX, OPEX, and 

TOTEX. Mathematical equations are considered the valves of this research inflow and 

outflows. 

 

 

 

 

 

 

Figure 4-26: problem solving approach based on open 

flow system (Sterman 2003).  

Figure 4-27: System Dynamics stock and flow conceptual framework 

(Sterman 2003). 
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Next, the basic mathematics used in VENSIM system dynamics modelling and 

simulation are presented in equations 4-56 to 4-634. It is extracted from the online official 

VENSIM software tutorial reference manual. In equations 4-56 and 4-57, the time base 

function is required to ensure that time steps as variables of previously defined mathematical 

modelling equations are not experiencing any evolution through time. Equation 4-58 is 

representing function evolution over time. Equation 4-59 represents the rates computations of 

evolution determinations. Equation 4-60 is representing the functions required to compute the 

rates. Equation 4-61 is representing the system initialization function. These functions are 

connected using a graphical representation of each mathematical relationship shown in Figure 

4-28. Levelst, Aauxt, datat, and constt are various types that VENSIM can adapt.   

╣╘╜╔ ║═╢╔▪▄◌◄░□▄ȟ
▪▄◌◄░□▄

◄░□▄
 

 

Time Base = the function of defining time as a variable to use in equations. 

newtime    = the simulation starting time step of time steps series (newtime = 0). 

Time         = the defined time steps and whole life cycle length in sittings.  

      = the dynamical movement slope (TIME BASE Slop = 1). 

ὝὍὓὉ ὄὃὛὉπȟρ is used in this research study to enforce calculating time variable as per 

the defined time steps. (t = (0,0), (0.125,0.125) é, (time-step tn, time-step tn))  

Equation 4-56 

 

 

 

 

 

 

 

 

 

 

 

╣╘╜╔ ║═╢╔ ╢╣═╡╣  ╣░□▄z╢╛╞╟╔  
 

Time Base = the function of defining time as a variable to use in equations. 

(START+Time*SLOPE) = the dynamical simulation movement of Time Base function. 

Equation 4-57 

 

 

 

 

Equation 4-58 

 
Equation 4-59 

ὥόὼ ὪὰὩὺὩὰίȟὥόὼȟὨὥὸὥȟὧέὲίὸπ Equation 4-60 
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Equation 4-61 

LOOKUP NAME(X1, X2, X3,....Xn, Y1, Y2, Y3,....Yn)  Equation 4-62 

LOOKUP NAME ([(Xmin,  Ymin) - (Xmax,  Ymax),(Xref1,Yref1), 

(Xref2,Yref2),...(Xrefn,Yrefn)]  (X1, Y1),(X2,Y2),...(Xn, Yn))  

Equation 4-63 

 

 

 

 

 

 

 

 

In equations 4-62 and 4-63, the LOOKUP Table function ensures that each of the 

VENSIM system dynamics simulations does not violate the mathematical modelling function. 

Figure 4-29 is an example of how to set a LOOKUP Table in VENSIM software.  

 

 

 

 

 

 

 

 

 

Figure 4-28: System Dynamics mathematics relationships 

graphical representation in VENSIM Software. 

Figure 4-29: System Dynamics Lookup Table Graph 

conceptual framework from VENSIM Software. 

Graph Lookup 
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4.3.5.12 Forecasting Accuracy Error 

 

Calculating and measuring accuracy error is essential for any forecasting or modelling 

study; however, this is because it is required to know how much forecasting results reflect the 

actual value (Koo, Hong & Hyun 2010; Xu & Moon 2013; Shahandashti & Ashuri 2013; 

Odeyinka, Lowe & Kaka 2013; Huang et al. 2015; Hyari, Al -Daraiseh & El-Mashaleh 2016; 

Murillo -Hoyos, Volovski & Labi 2016). Measuring accuracy error is commonly used in 

quantitative and modelling research after validating the created forecasting system using real 

data (Koo, Hong & Hyun 2010; Xu & Moon 2013; Shahandashti & Ashuri 2013; Odeyinka, 

Lowe & Kaka 2013; Huang et al. 2015; Hyari, Al -Daraiseh & El-Mashaleh 2016; Murillo-

Hoyos, Volovski & Labi 2016).  

 

Ὁὶὶέὶὃ Ὂ  Equation 4-64 

ὓὃὈ
В ȿὃ Ὂȿ

4
 Equation 4-65 

ὓὛὉ
ὃ Ὂ

4
 Equation 4-66 

ὓὃὖὉ
В  ὃ Ὂ

!
4z  

 
MAD = Mean Absolute Deviation. 

MSE = Mean Squared Error. 

MAPE = Mean Absolute Percentage Error. 

At = Actual Value at (t) time. 

Ft = Forecast Value at (t) time. 

T = The number of time periods.  

Equation 4-67 
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From previous research, adapted equations have been assigned to measure the error of 

this research final cost estimation model using equations 4-64 to 4-67; nevertheless, using mean 

absolute deviation and mean square error have been proved very effective in calculating system 

dynamics and mathematical modelling error percentage (Koo, Hong & Hyun 2010; Xu & 

Moon 2013; Shahandashti & Ashuri 2013; Odeyinka, Lowe & Kaka 2013; Huang et al. 2015; 

Hyari, Al -Daraiseh & El-Mashaleh 2016; Murillo-Hoyos, Volovski & Labi 2016). Thus, this 

research study will use real project data to validate the final system dynamics cost model and 

apply the mean square error approach to measure its accuracy. 

 

4.3.6 Final System Dynamics Model  

System dynamics final model, in this study, is built in the last research stage. It is 

because of the need for prerequisite inputs preparation stages. Each input will be framed, 

analysed, and validated before using it in the system dynamics final model. First, cost risk 

inputs are the main components of this study. They need to be mapped, collected, and validated 

to ensure accurate modelling outputs. Second, mathematical modelling is the main driving 

engine of this modelling study. It is providing how and why modelling components interact 

with each other. Finally, VENSIM software algorithms are the main artificial intelligence brain 

binding all components together over time using the desired mathematical modelling approach. 

Therefore, this research study's final system dynamics model will be the main original 

contribution to the body of project management knowledge. This significance is because of 

several reasons that resulted from this study as justified earlier. First, system dynamics cost 

estimation modelling provide accurate charts of cash flow curves under several risks impact. 

Second, it is allowing us to adapt directly to future changes in cost risk rates. This will create 

updated cash flow curves under minimum, mean, and maximum risksô impact in future 
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estimation using the same model. Third, this final research model presents detailed values for 

each time step, including the cash flow under the zero-risk impact, minimum-risk impact, 

mean-risk impact, and maximum-risk impact. Fourth, all provided data resulted from system 

dynamics modelling simulations can be exported out of the VENSIM software programme to 

be used in other software programmes for further analysis or reporting purposes. Finally, this 

research study delivers a model capable of presenting more than four simulations 

simultaneously, including all cash flow curves in one chart and including all simulationsô exact 

values of each time step in one exportable table.   

 

4.3.7 Demolition 

 

The demolition stage of the projectôs whole life cycle cost estimation modelling is not 

included mathematically. Instead, it is included as a milestone event representing the end of 

the residential projectôs life cycle. There are several reasons for not including mathematical 

demolition calculation in modelling future costs over 60 years. These reasons have been 

discussed in chapter 3; however, as shown in Figure 3-14, demolition has an exceptionally low 

impact on the projectôs whole life cycle net present value. However, this research study will 

introduce the debates on demolishing costs and recommend further research in this regard.  

There are three primary debates about demolition and deconstruction concept (Han, 

Srebric & Enache-Pommer 2014; Doan & Chinda 2016; Creba 2019; Marrero & Ramirez-De

Arellano 2010). First, researchers argued that project demolition costs are based on labours and 

equipment required to complete the task while satisfying the environmental and technical 

requirements (Han, Srebric & Enache-Pommer 2014; Creba 2019). They declared that it is a 

part of a project's whole life cycle and should be included in the cost modelling process (Han, 

Srebric & Enache-Pommer 2014). They located this activity in the last stage of the projectôs 
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whole life cycle and considered demolition to be the end of building and infrastructure projects 

(Han, Srebric & Enache-Pommer 2014). This is the worst scenario impacting the projectôs 

whole life cycle cost (i.e., causing additional costs). Therefore, as discussed in chapter 3 of this 

research study and as shown in Figure 3-14, it is not required to add any mathematical 

modelling to measure demolition cost risks in the final cost estimation model. Second, previous 

research classified demolition and deconstruction as a development transformation stage 

(Creba 2019). It is connected with architecture, modern movements, and urban designs to 

satisfy cultural and social requirements (Creba 2019). This direction is based on the capitalist 

economic system (Creba 2019). Nonetheless, there are demolition exceptions for government 

urban planning and development (Creba 2019). The main exclusion from building demolition 

and deconstruction is considering the building as a historical property (Creba 2019). The rule 

of thumb in considering historical properties is based on at least 50 years old (Williams & Crass 

2020). However, according to the United Statesô Georgia department of natural resources under 

the historical preservation division, historical buildings must be registered in the government 

system (Williams & Crass 2020). This will require three mandatory attributes to consider 

buildings as historical properties (Williams & Crass 2020). First, the buildingôs age should be 

at least 50 years old (Williams & Crass 2020). Building integrity (i.e., unchanged original 

status) should be met and maintained (Williams & Crass 2020). Finally, buildings' significance 

should be met and maintained by direct association with shaped history, physical, historical 

architecture characteristics, or the ability to generate information to understand the past 

(Williams & Crass 2020). To summarize the second debate of demolition costs, capitalist 

economicsô approach is to convert projects with completed life cycle either to historical 

buildings or to reinvestment projects (Creba 2019; Williams & Crass 2020).  
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The third demolition debate considers buildingsô demolition wastes like construction 

wastes (Marrero & Ramirez-De Arellano 2010; Doan & Chinda 2016). This argument is based 

on applying a construction waste management system on demolishing wastes (Marrero & 

Ramirez-De Arellano 2010; Doan & Chinda 2016). It will include material recycling and 

material disposal following the same authoritiesô requirements and regulations (Marrero & 

Ramirez-De Arellano 2010; Doan & Chinda 2016). The reason behind this approach is due to 

having the demolition of an ended project in the same time window of the replacement project 

reconstruction (Marrero & Ramirez-De Arellano 2010; Doan & Chinda 2016). In most cases, 

the demolition happened to accomplish a new development and treated during the 

reconstruction stage as using construction waste management approaches as shown in figures 

4-30 and 4-31 (Marrero & Ramirez-De Arellano 2010; Doan & Chinda 2016; Won & Cheng 

2017; Saez et al. 2013). The second and third debates agree on merging the demolition stage 

with the construction stage and consider it a generated construction waste during reinvestment 

projects execution (Marrero & Ramirez-De Arellano 2010; Doan & Chinda 2016; Won & 

Cheng 2017; Saez et al. 2013; Creba 2019; Williams & Crass 2020).  

 

 

 

 

 

 

 

 

 

Figure 4-30: The best practices of handling construction and demolition (C & D) waste 

management costs during design and construction stages based on data median (Me) 

assessment (Won & Cheng 2017). 



 

Page 235 
 

 

 

 

 

 

 

Therefore, this research study will not include demolition calculation in future cost 

estimation of large investments over a long-life span due to the low-cost impact of the first 

argument on NPV (i.e., investment measurement criteria). Furthermore, it is due to the 

unknown possibility of turning the project into a historical building or merge its demolition 

with the investments reconstruction stage. The CAPEX sub-model covers all construction 

waste management risks based on design stage construction contract value (i.e., including land 

preparation for construction). However, the second and third arguments are the best choice for 

a capitalist country like the United Arab Emirates, supporting the decision made by this 

research study. 

 

4.4 Summary   

 

To sum up, in chapter 4, this pure quantitative research methodology and design have 

discussed in detail all aspects of successfully answering its questions and meeting its 

objectives. This research study aims to approach system dynamics using VENSIM software 

programme to model the projectôs whole life cycle future costs, including its cashflow 

simulation under different scenarios. All choices and decisions in this study have been justified 

and clarified. All mathematical and statistical modelling has been framed and is ready to be 

used in further analysis. However, the key outputs of this research will be summarised in this 

Figure 4-31: Construction and demolition waste 

management approach (Saez et al. 2013). 
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section. Moreover, it is recommended to refer to detailed discussions if any additional 

information is required. 

The reasons for choosing this research approach as solely quantitative are detailed at 

the beginning of this chapter. However, the approach of collecting and analysing data reliability 

and validity is the main criterion of assigning quantitative research approach executively for 

this study. This chapter provided a brief about qualitative and mixed methods and justified, 

with evidence from literature, and their inability to fit this study. 

In the beginning, it is mandatory to cover how these research questions have been 

answered.  Therefore, the first research question, (What are the risksô values of UAE residential 

projectôs whole life cycle cost estimation?), has been answered through extracting data from 

experts and ensure its reliability, validity, accuracy, and precision. This is accomplished by 

conducting face to face survey interviews with experts using the designed questionnaire in 

appendix A. Then, verify its reliability and validity using correlation and statistical regression 

modelling as detailed in appendix B. Then, create the adapting linear equations using risk 

impacts and probabilities. Finally, the last step of answering the first research question is 

utilising Monte Carlo simulation to confirm its accuracy and precision to obtain the expertsô 

risk error (i.e., risks from a client perspective). 

After that, the second question, (How to model mathematically and graphically map all 

identified and verified risks?), has been set for the investigation to complete the journey of 

meeting this research aim and objectives. The mathematical equation system requires several 

steps before utilizing it in any software programmes analysis (i.e., SPSS and VENSIM). Data 

significance, reliability, and validity mathematical equations system have been provided to 

complete the first research question successfully. This means that answering the second 

research question will start before fully answering the first research question. Then, Monte 
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Carlo mathematical modelling has been detailed with justification evidence for each step. After 

that, the equations system used in system dynamics modelling includes construction cashflow 

and risks S-Curves. It is followed by capital expenditure (i.e., CAPEX), equipment 

replacement, and operational expenditure (i.e., OPEX) mathematical calculation system. 

Finally, the projectôs whole life cycle total expenditure (i.e., TOTEX) and net present values 

(i.e., NPVs) mathematical computing system have been detailed as a final step before 

answering the third research question. Nevertheless, there is another overlapping in answering 

the second research question with the third research question. It is because of the need to 

understand VENSIM software programme modelling basic mathematics. This will provide a 

clear understanding of how a system dynamics software use cost estimation equations system 

overtime to provide final accurate outputs.  

Next, answering the third research question, (How to approach modelling cost 

estimation dynamics through time, including cashflow, for UAE residential building projectsô 

whole life cycle?), is explained in this chapter by detailing the process of developing and 

validating VENSIM system dynamics simulation model for residential projectôs whole life 

cycle cost estimation in UAE. This task is achieved by using the collected and validated risks 

in the developed computing mathematical equations system. The development stage of the 

VENSIM model is based on accurately mapping all related risks in groups, as explained in 

chapter 3. It is then essential to define the project's whole life cycle criteria in VENSIM 

software platform settings. It is required to insert all risk rates and mathematical equations in 

the built dynamical system. Ensuring the modelôs function by running simulations and obtain 

outputs without system-errors based on the provided inputs. The VENSIM system dynamics 

final model's validation stage is achieved using real data of 3 completed residential projects in 

the United Arab Emirates. This is to investigate the developed modelôs cashflow of each time 
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step compared with the actual projectsô cash flows at the same time steps. Finally, the validation 

process of this research's final modelô outputs (i.e., aim and objectives) cannot be completed 

without measuring its accuracy. This is achieved using the mean square error approach (i.e., 

MSE), as explained and detailed in chapter 4.  

In conclusion, it is essential to present key information points that resulted from this 

chapter discussions and arguments. First, the projectôs whole life cycle timespan is equal to 60 

years. CAPEX timespan is equal to 3 years. OPEX timespan is equal to 57 years. Second, the 

acceptable collected data for each risk variable is equal to 55 samples. Monte Carlo simulation 

is using 10,000 iterations for each risk variable. Finally, the following chapters are the 

execution, outputs, and conclusion of this research methodology design.   
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Chapter 5 

DATA COLLECTION AND VALIDATION  

 

 

 

ñThe challenge is to define the measures and 

to find them economically and swiftlyò. 

(Phillips & Stawarski 2013, p.118) 
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5.0 Introduction  

 

The implementation of data collection and validation procedures will be detailed 

following the explained and justified research methodology design of this research. In this 

chapter, there are three main arguments related to data collection and analysis presented as the 

following: 

1- Expertsô competencies. 

2- Data correlation analysis. 

3- Data regression analysis. 

Each argument will include a comprehensive discussion to highlight the key points and 

interpret data collection and validation approaches. This interpretation will be conducted 

through an intensive critique of what has been concluded in previously published literature 

reviews. Therefore, by completing chapter 5, the collected data will be scientifically validated 

and shaped for further modelling analysis. This will include Monte Carlo simulations and 

VENSIM system dynamics mathematical modelling equations.  

 

5.1 Expertsô Competencies  

 

 

Data collection in this research methodology design is based on 200 residential building 

projectôs whole life cycle expertsô invitations. From previous similar studies (i.e., real estate 

development and construction project management), experts who have a related knowledge 

base and who have similar projects experience were used to provide acceptable data for 

research studies, including cost and duration variables (Zimmermann & Eber 2017). Previous 

similar studies (i.e., buildings predictive maintenance criteria) accepted expertsô evaluations to 

draw a valid scientific research conclusion (Zimmermann & Eber 2017). However, it is 
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important to define experts and ensure that data providers for this research are valid and are 

satisfying the designed research methodology. According to the literature, choosing data 

collection experts is to ñexcellenceò level of requested outputs (Mieg 2009, p.92). 

Traditionally, researchers defined experts as people who can evaluate something better than 

anyone else because they know more than others in their specific knowledge (Zimmermann & 

Eber 2017). Also, expertsô outputs are termed in literature as the ñroad to excellenceò (Mieg 

2009, p.92). Researchers stated that assessment excellence in scientific research is the output 

of true expertise (Mieg 2009). As a result, it is essential to understand the criteria of expertsô 

considerations for scientific studies (Mieg 2009; Zimmermann & Eber 2017; Flores-Colen, 

Brito & Freitas 2010). This is significant to ensure experts' assessment excellence level (Mieg 

2009). Commonly, expertsô evaluation validity is justified by reputation (Zimmermann & Eber 

2017). This reputation is called experience (Zimmermann & Eber 2017). The experience is 

defined as the satisfactory number of successful similar systems investigations to reach the 

ability to predict complex systemsô behaviour and estimate variablesô values within acceptable 

small margins (Zimmermann & Eber 2017). In this research study, it is required to be more 

specific in identifying experts. First, from reviewed literature, the ñ10-year ruleò requirement 

stated that experts need to study the area of knowledge for 10,000 to 50,000 hours before 

considering their reputation (i.e., expertise) (Mieg 2009, p.93). This is equal between 3.5 to 17 

years based on 8 hours per day to reach maters level (Mieg 2009). From another perspective, 

it is equal to 4.8 to 24 years of studying the knowledge based on 40 hours a week and 52 weeks 

a year. In similar studies (i.e., built environment), researchers conducted and accepted 30 expert 

survey questionnaires; however, the experts' selection approach included two main criteria 

(Mieg 2009). The first criterion is a higher education qualification (Mieg 2009). It required a 

minimum of 5-years of university degree qualification (Mieg 2009). The second criterion is the 
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number of years of specialized experience in addition to a university degree qualification (Mieg 

2009). Researchers classified experts with 5-year degree qualification plus 2 to 7 years of 

related specialized experience as high experts (Mieg 2009). On the other hand, they classified 

experts who have only a 5-year degree qualification, with high sensitivity to the research topic, 

as medium experts (Mieg 2009). Therefore, this research study considers high experts as 

professionals with 5-year degree qualification and at least two years of related specialized 

experience. Moreover, considering medium experts as professionals with a 5-year degree 

qualification in engineering related to building environment knowledge (i.e., construction and 

operation) such as civil engineering, mechanical engineering, electrical engineering, 

construction engineering, and facilities engineering. Due to the large cultural and educational 

diversity in the United Arab Emirates, this research targeted only experts registered in built 

environment organizations (i.e., contractors, consultants, developers, and government). It is 

because the Ministry of Human Resources and Emiratization (i.e., Ministry of Labour) in the 

United Arab Emirates ensure the authenticity of degree certificates before issuing work permits 

and does not register engineersô contracts unless the licensing authorities approve them (i.e., 

Abu Dhabi Municipality and Society of Engineers) (Mohre 2020; Abu Dhabi Municipality 

2020; Society of Engineers 2020). This will ensure selecting valid experts who satisfy the 

minimum acceptable conditions, including authentic equivalated 5-year engineering degree 

qualification and approved relevant specialized experience. This research study invited 200 

experts following the previous justified criteria and completed 55 face-to-face survey 

interviews within acceptable response rate (i.e., 27.5%) as explained and justified in chapter 4. 

In table 5-1, experts' general information is presented to confirm their validity through the 

following analysis.  
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Survey 

Interview 

SN 

Respondent's 
Position 

Job Title 
Organization 
Experience 

(Years) 

Total 
Experience 

(Years) 

Size of 
Projects (AED) 

1 Public Sr. FM Engineer 5 - 10 >10 < 500,000 

2 Public Sr. FM Engineer 5 - 10 >10 < 500,000 

3 Public Project Engineer 5 - 10 >10 > 5,000,000 

4 Private QA/QC Manager >10 >10 > 5,000,000 

5 Public QA/QC Manager 5 - 10 >10 > 5,000,000 

6 Private Project Manager >10 >10 > 5,000,000 

7 Public Project Manager >10 >10 > 5,000,000 

8 Public QA/QC Manager 5 - 10 >10 > 5,000,000 

9 Private 
Mechanical 

Engineer 
3 - 5 5 - 10 > 5,000,000 

10 Public Project Manager >10 >10 > 5,000,000 

11 Public Sr. FM Engineer 5 -10 >10 > 5,000,000 

12 Public Sr. FM Engineer 5 - 10 >10 > 5,000,000 

13 Public FM Engineer 5 - 10 >10 > 5,000,000 

14 Public FM Engineer 5 - 10 >10 > 5,000,000 

15 Public FM Engineer 5 - 10 >10 > 5,000,000 

16 Public 
Sr. Procurement 

Engineer 
5 - 10 >10 > 5,000,000 

17 Public FM Engineer 5 - 10 >10 > 5,000,000 

18 Public Sr. FM Engineer 5 - 10 >10 > 5,000,000 

19 Public FM Engineer 5 - 10 >10 > 5,000,000 

20 Public Project Manager >10 >10 > 5,000,000 

21 Public 
Sr. Procurement 

Engineer 
>10 >10 > 5,000,000 

22 Public Project Manager 5 - 10 5 - 10 > 5,000,000 

23 Public QA/QC Manager < 3 >10 > 5,000,000 

24 Public Cost Engineer >10 >10 > 5,000,000 

25 Public Cost Engineer 5 - 10 >10 > 5,000,000 
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Survey 

Interview 

SN 

Respondent's 
Position 

Job Title 
Organization 
Experience 

(Years) 

Total 
Experience 

(Years) 

Size of 
Projects (AED) 

26 Public Sr. HSE Engineer 3 - 5 >10 > 5,000,000 

27 Public 
Projects Control 

Engineer 
3 - 5 >10 > 5,000,000 

28 Public Section Head < 3 >10 > 5,000,000 

29 Public Project Manager 5 - 10 5 - 10 > 5,000,000 

30 Public Project Manager 5 - 10 5 - 10 
1,000,000-
5,000,000 

31 Public Project Manager 5 - 10 5 - 10 > 5,000,000 

32 Public 
Projects Control 

Engineer 
>10 >10 > 5,000,000 

33 Public Project Manager 5 - 10 >10 > 5,000,000 

34 Public Project Manager 5 - 10 >10 > 5,000,000 

35 Public QA/QC Manager >10 >10 > 5,000,000 

36 Private Cost Engineer >10 >10 > 5,000,000 

37 Private Internal Auditor 3 - 5 3 - 5 
500,000-
1,000,000 

38 Private Project Manager >10 >10 > 5,000,000 

39 Public 
Planning 
Manager 

5 - 10 5 - 10 > 5,000,000 

40 Public Cost Engineer 3 - 5 >10 > 5,000,000 

41 Public 
Sr. Planning 

Engineer 
>10 >10 > 5,000,000 

42 Public Cost Engineer 3 - 5 >10 > 5,000,000 

43 Public 
Sr. Procurement 

Engineer 
>10 >10 > 5,000,000 

44 Public Project Manager < 3 < 3 > 5,000,000 

45 Public 
Sr. Planning 

Engineer 
>10 >10 > 5,000,000 

46 Public Cost Engineer 5 - 10 5 - 10 > 5,000,000 

47 Public Project Manager 5 - 10 >10 > 5,000,000 

48 Public Project Engineer >10 >10 > 5,000,000 

49 Public Project Engineer >10 >10 > 5,000,000 

  



 

Page 245 
 

Survey 

Interview 

SN 

Respondent's 
Position 

Job Title 
Organization 
Experience 

(Years) 

Total 
Experience 

(Years) 

Size of 
Projects (AED) 

50 Public Project Engineer >10 >10 < 500,000 

51 Public Project Engineer 5 - 10 >10 > 5,000,000 

52 Public 
Sr. Procurement 

Engineer 
>10 >10 > 5,000,000 

53 Public FM Engineer >10 >10 > 5,000,000 

54 Private QA/QC Manager >10 >10 > 5,000,000 

55 Private HSE Engineer >10 >10 > 5,000,000 

 

 

 From table 5-1, this research study has followed previous research requirements of 

validating knowledge experts. First, the questionnaire cover page included all needed general 

information about interviewees. These information tips have been used to validate each expert 

and whether to consider using their provided data or not. Table 5-1 has five primary columns. 

The first column has the serial number of accepted valid experts (i.e., 55 valid expertsô 

questionnaires). The second column is showing each respondentôs position (i.e., public or 

private). It is used to ensure that interviewed experts are not freelancers and work in 

organizations under the Ministry of Human Resources and Emiratisation requirements. The 

third column is presenting the job title of each expert. However, this study's researcher does 

not need to verify any degree certificate or experience behind UAE authorities from the second 

and third columns. It is only required to have a look at the professional engineering license. 

Figure 5-1 provides the Abu Dhabi municipality practising engineer license template with all 

its detailed components. This approach follows previous similar studies conducted in the 

United Kingdom (Elhag, Boussabaine & Ballal 2005; Doloi 2011). These studies used the 

official records of the Royal Institute of Chartered Surveyors (RICS) to find valid experts 

(Elhag, Boussabaine & Ballal 2005; Doloi 2011).  

Table 5-1: General information about interviewees who provided the required risk values based 

on its probability and impact weightage.  
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Years of Experience 
Within the 

Organization 

Number of 
Interviewees 

 
Total Years of 

Experience  
Number of 

Interviewees 

< 3 3  < 3 1 

3 - 5 6  3 - 5 1 

5 - 10 25  5 - 10 7 

> 10 21  > 10 46 

Experience Size of Projects 
(AED) 

Number of 
Interviewees 

< 500,000 3 

500,000 - 1,000,000 1 

1,000,000 - 5,000,000 1 

> 5,000,000 50 

Figure 5-1: Abu Dhabi Municipality License Sample to show official provided information to 

validate experts.  

Figure 5-2: Interviewees working sector.  Table 5-4: Interviewees experienced size of projects.  

Table 5-3: Interviewees total years of experience Table 5-2: Interviewees years of experience 

within the current organization.  
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Table 5-1 shows that the number of interviewees, who are currently working in the 

private sector, is equal to 8, and the number of interviewees, who are working in the public 

sectors, is equal to 47, as shown in summary Figure 5 2. On the other hand, 46 interviewed 

experts have Ó10 years of experience (i.e., 25 + 21 = 46), as shown in table 5-2. They worked 

in the private and public sectors. Only one interviewee had between 2 to 3 years of experience 

plus a 5-year engineering degree qualification, as shown in table 5-3. It is still meeting expertsô 

high level, as explained previously (Mieg 2009).  

There are no criteria about the projectôs size experience to validate experts (Mieg 2009; 

Zimmermann & Eber 2017; Flores-Colen, Brito & Freitas 2010). However, this research 

investigated to ensure that the related experience (i.e., at least two years) is as accurate as 

possible. Therefore, the final system dynamics model will be validated using real residential 

housing project data. This will require ensuring to experts with similar specialized experience.  

Nevertheless, previously published literature declared clearly that it is challenging to define 

large construction based on common costs (Memon et al. 2010). Projects in Vietnam are 

considered large projects if their budget equal to or greater than 1 million USD dollars (i.e., 

3.67 million dirhams) (Memon et al. 2010). On the other hand, Malaysia projects are 

considered large if their budget equal to or greater than 5 million Malaysian Ringgit (i.e., 4.55 

million dirhams) (Memon et al. 2010). Other researchers considered projects as large project 

as long it is < 1 billion US dollars (i.e., 3.67 billion dirhams) (Zidane, Johansen & Ekambaram 

2013). Based on Norwegian projects, it was considered large with a value of 985 million US 

dollars (Zidane, Johansen & Ekambaram 2013). From another perspective, the maintenance 

works are contracted on an annual basis; thus, based on Figure 4-23 in chapter 4, operation and 

maintenance cost have a mean equal to 9% and a standard deviation equal to 5.17% of MEP 

CAPEX cost (Wu & Clements-Croome 2007). MEP CAPEX is equal to 15% from Figure 4-
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22 in chapter 4 (Riley et al. 2005). The biggest validating real projectôs value is about 4 billion 

dirhams (i.e., megaproject). Therefore, considering the OPEX medium, large, and mega 

projects should be based on the mean and standard deviation provided by literature. The 

medium OPEX project value will equal to 3.83% (i.e., 9% - 5.17% = 3.83%). The large OPEX 

project will equal 9%. And the mega OPEX project will equal to 14.17% (i.e., 9% + 5.17% = 

14.17%). MEP CAPEX based on 4 billion dirhams will equal 600 million (i.e., 15% of total 

CAPEX). Most similar research discussed large projects instead of mega-projects based on 

different criteria a explained previously (Memon et al. 2010; Zidane, Johansen & Ekambaram 

2013). Therefore, this research study will consider four criteria of expertsô size of projects 

experience, as shown in table 5-5. First, OPEX normal-size projects value will be < 500,000 

AED (i.e., Annual projects = 3.83%*15%*4 billion ÷ 57 years of operation = 403,158 AED). 

Second, OPEX large-size projects value will be from 500,000 to 1,000,000 AED (i.e., Annual 

projects = 9%*15%*4 billion ÷ 57 years of operation = 947,368 AED). Third, CAPEX normal-

size projects value will be from 1,000,000 to 5,000,000 AED (i.e., including literature 

arguments about large projects cut-off value) (Memon et al. 2010; Zidane, Johansen & 

Ekambaram 2013). Finally, CAPEX large-size projects value will be > 5,000,000 AED (i.e., 

more than literatureôs large projects cut-off value arguments) (Memon et al. 2010; Zidane, 

Johansen & Ekambaram 2013). It is found that 50 out of 55 experts (i.e., 91%) have experience 

in large projects, as shown in table 5-5. 

 

 

 

 

Criteria  Experience Size of Projects (AED) 

OPEX Normal Projects < 500,000 

OPEX Large Projects 500,000 - 1,000,000 

CAPEX Normal Projects 1,000,000 - 5,000,000 

CAPEX Large Projects > 5,000,000 

Table 5-5: experience size of projects criteria.  
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Therefore, all interviewed experts are considered high-level experts, and the excellent level of 

provided data has been met in this research study (Mieg 2009; Zimmermann & Eber 2017). 

 

5.2 Data Correlation Analysis 

 

Correlation is defined as the measurement of a specific pattern of association (Wild 

2014). However, the association occurs when a scatterplot takes a pattern between two 

numerical variables (Wild 2014). After validating data providersô ability to contribute to this 

research study, three types of essential reliability criteria need to be satisfied, as explained in 

the research methodology chapter. First, the statistical significance test of quantitative results 

is deciding the repeatability or replicability of these results during a particular period 

(Golafshani 2003). This is the indicator of data strength. In correlation analysis, P-Value is the 

significance of hypothesis consideration. Second, measurement stability is an important type 

for testing quantitative results reliability (Golafshani 2003). This means that stable 

measurements over time are more reliable than unstable measurements (Golafshani 2003; 

Rungtusanatham et al. 2003; Sauro & Lewis 2012; Mohd et al. 2015). Stability (i.e., strength) 

can be defined as the correlation between 2 separate readings of the same subject (Vanderwal 

et al. 2021; Francis 1991). Third, the similarity type of reliability can be defined as the average 

correlation of readings within a given condition (Vanderwal et al. 2021; Francis 1991). 

Correlation R-values range between +1 and -1 (Ratner 2009; Wild 2014; DeSoto & Roediger 

2014). In correlation analysis, the r-value is the scatter strength and similarity indicator. The 

considered hypotheses for this research correlation analysis are listed as the following:  

Let, ɟ represent the Correlation of Pearson Population, then 

HO:  ɟ = 0, (i.e., No Correlation between variables),   

H I:  ɟ Í 0, (i.e., Correlation is available between variables) 
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HO is true if the significance does not exist (i.e., P-value > 0.05). HI is true if correlation 

analysis showed significance P-value Ò 0.05. The correlation analysis has been conducted for 

each risk factor and summarized in table 5-6. The table is including the key data analysis 

outputs, including the mean, standard deviation, p-value, r-value, and analysis description for 

each analysis (Linear Relationship Strength).  Data correlation is completed for each risk 2 

times to include both (Risk vs Probability) and (Risk vs Impact). Finally, this correlation 

indicates the linear relationship between the data sets of each risk factor (i.e., 117 risks). 

Although this research is conducting all statistical analysis using the SPSS software 

programme, it is mandatory to know that basic correlation mathematics uses chapter 4 (i.e., 

research methodology) mathematical modelling as shown in equations 4-2 and 4-3. 

 

 

 

 

Equation 4-2 

 

 

 
Equation 4-3 

  = nonzero eigenvalues  

 ́     = Durbin -Watson statistic hypothesis 

et    = the residual error 

et-1  = the previous residual error 

 

https://en.wikipedia.org/wiki/Errors_and_residuals_in_statistics
https://en.wikipedia.org/wiki/Errors_and_residuals_in_statistics
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SN Cost Risk Description Mean 
Standard 

Deviation 

Correlation:  

Risk vs Probability 

Correlation:  

Risk vs Impact 

r - 

value 

P - 

value 

Linear 

Relationship 

Strength  

r - 

value 

P - 

value 

Linear 

Relationship 

Strength 

A Construction Activitiesô Risks 

1 Selection Method 31.93 22.386 0.760 0.000 Strong 0.919 0.000 Strong 

2 Type of Client: Solo Individual 24.55 23.277 0.806 0.000 Strong 0.927 0.000 Strong 

3 
Type of Client: Bank- Individual 

Partnership 
22.58 17.649 0.493 0.000 Weak 0.780 0.000 Strong 

4 Type of Client: Developer 21.22 15.645 0.451 0.000 Weak 0.841 0.001 Strong 

5 Type of Client: Group of People 26.08 15.807 0.400 0.000 Weak 0.789 0.004 Strong 

6 Location: City Area 22.67 19.730 0.648 0.000 Moderate 0.943 0.000 Strong 

7 Location: Regional Area 22.84 18.129 0.312 0.020 Weak 0.914 0.000 Strong 

8 Location: Beach Area 23.55 16.722 0.737 0.000 Strong 0.841 0.000 Strong 

9  Location: Desert Area 31.65 23.420 0.801 0.000 Strong 0.919 0.000 Strong 

10 
Building Services Complexity: 

Operational Services 
26.82 17.132 0.467 0.000 Weak 0.723 0.000 Strong 

11 
Building Services Complexity: Fitness 

Services 
24.15 15.401 0.343 0.000 Weak 0.936 0.000 Strong 

12 Number of Basement Levels 22.56 18.953 0.709 0.000 Strong 0.828 0.000 Strong 

13 Procurement Method 29.20 17.190 0.426 0.000 Weak 0.846 0.000 Strong 

14 Site Topography 26.93 17.920 0.522 0.000 Moderate 0.856 0.000 Strong 

15 Site Conditions 29.33 20.110 0.620 0.000 Moderate 0.908 0.000 Strong 

16 Working Space 19.13 16.546 0.550 0.000 Moderate 0.880 0.000 Strong 

17 Site Access 19.91 18.686 0.660 0.000 Moderate 0.925 0.000 Strong 

18 Frame Structure 18.45 13.281 0.003 0.983 
No 

relationship 
0.884 0.000 Strong 

19 Foundation Type 18.87 13.951 0.092 0.514 
No 

relationship 
0.941 0.000 Strong 

20 Ground Conditions 30.31 17.055 0.247 0.069 
No 

relationship 
0.932 0.000 Strong 

21 Type of Soil 28.27 18.006 0.434 0.001 Weak 0.830 0.000 Strong 

22 Mark-up Size 17.85 16.672 0.630 0.000 Moderate 0.927 0.000 Strong 

23 Need for Work 17.67 14.934 0.383 0.004 Weak 0.881 0.000 Strong 

24 Deadline Requirements 36.71 20.623 0.659 0.000 Moderate 0.703 0.000 Strong 

25 Number of Stories 22.02 15.841 0.601 0.000 Moderate 0.893 0.000 Strong 

26 Project Duration 33.35 21.961 0.749 0.000 Strong 0.849 0.000 Strong 
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SN Cost Risk Description Mean 
Standard 

Deviation 

Correlation:  

Risk vs 

Probability  

 
Correlation:  

Risk vs Impact 

 

r - 

value 

P - 

value 

Linear 

Relationship 

Strength 

r - 

value 

P - 

value 

Linear 

Relationship 

Strength 

27 Gross Floor Area 21.45 16.726 0.566 0.000 Moderate 0.769 0.000 Strong 

28 Equipment Required 25.80 18.664 0.378 0.004 Weak 0.941 0.000 Strong 

29 Construction Technology Availability 30.67 21.461 0.652 0.000 Moderate 0.891 0.000 Strong 

B Political Risks 

1 Change in Law 27.44 23.599 0.744 0.000 Strong 0.802 0.000 Strong 

2 Delay in Project Approvals and Permits 41.41 20.110 0.598 0.000 Moderate 0.846 0.000 Strong 

3 Poor Public Decision Making Process 31.54 17.959 0.547 0.000 Moderate 0.837 0.000 Strong 

4 Government Intervention 30.57 19.296 0.633 0.000 Moderate 0.866 0.000 Strong 

5 Unstable Government 36.65 25.307 0.850 0.000 Strong 0.713 0.000 Strong 

6 Government Reliability 38.26 23.664 0.698 0.000 Moderate 0.848 0.000 Strong 

7 Inconsistencies in Government Policies 29.35 22.868 0.834 0.000 Strong 0.806 0.000 Strong 

8 Strong Political Opposition / Hostility 27.07 23.768 0.812 0.000 Strong 0.736 0.000 Strong 

9 Expropriation/ Nationalization of Assets 26.44 22.576 0.775 0.000 Strong 0.687 0.000 Moderate 

10 Inability of Concessionaire 22.56 19.908 0.160 0.247 
No 

relationship 
0.752 0.000 Strong 

C Legal Risks 

1 Change in Tax Regulation 30.47 22.963 0.915 0.000 Strong 0.920 0.000 Strong 

2 Corruption and Lack of Respect for Law 30.96 22.622 0.796 0.000 Strong 0.746 0.000 Strong 

3 Legislation Change 25.56 19.411 0.727 0.000 Strong 0.888 0.000 Strong 

4 Import / Export Restrictions 22.83 19.872 0.731 0.000 Strong 0.865 0.000 Strong 

5 Rate of Return Restrictions 18.61 19.755 0.779 0.000 Strong 0.898 0.000 Strong 

6 Industrial Regulatory Change 24.98 20.551 0.818 0.000 Strong 0.889 0.000 Strong 

D Economic Change Risks 

1 Interest Rate Volatility 22.67 20.536 0.750 0.000 Strong 0.948 0.000 Strong 

2 Inflation Rate Volatility 26.22 21.914 0.481 0.000 Weak 0.960 0.000 Strong 

3 Foreign Exchange and Convert 20.63 17.709 0.707 0.000 Strong 0.807 0.000 Strong 

4 Poor Financial Market 30.45 19.669 0.751 0.000 Strong 0.832 0.000 Strong 
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SN Cost Risk Description Mean 
Standard 

Deviation 

Correlation:  

Risk vs Probability 

Correlation:  

Risk vs Impact 

r - 

value 

P - 

value 

Linear 

Relationship 

Strength 

r - 

value 

P - 

value 

Linear 

Relationship 

Strength 

E Natural Risks 

1 Force Majeure 18.35 18.789 0.660 0.000 Moderate 0.673 0.000 Moderate 

2 Environment 18.07 17.122 0.615 0.000 Moderate 0.874 0.000 Strong 

3 Weather 17.44 16.317 0.513 0.000 Moderate 0.919 0.000 Strong 

4 Geotechnical Condition 23.69 18.247 0.085 0.541 
No 

relationship 
0.923 0.000 Strong 

F Market Risks 

1 Market Supply 25.11 20.860 0.737 0.000 Strong 0.872 0.000 Strong 

2 Market Demand 27.07 23.514 0.787 0.000 Strong 0.958 0.000 Strong 

3 Fluctuation of Material Cost by Public/Private 24.81 20.746 0.721 0.000 Strong 0.889 0.000 Strong 

4 Value of Production Effort 22.30 20.355 0.675 0.000 Moderate 0.886 0.000 Strong 

G Project Selection Risks 

1 Public Opposition to Projects 18.54 20.705 0.779 0.000 Strong 0.779 0.000 Strong 

2 Uncompetitive Tender 25.50 20.831 0.689 0.000 Moderate 0.946 0.000 Strong 

3 Level of Demand for the Project 24.19 19.179 0.726 0.000 Strong 0.761 0.000 Strong 

4 Land Acquisition 25.00 18.473 0.706 0.000 Strong 0.826 0.000 Strong 

5 Competition Risk 19.61 18.296 0.654 0.000 Moderate 0.930 0.000 Strong 

H Project Finance Risks 

1 Inaccurate Estimates 31.41 22.055 0.778 0.000 Strong 0.804 0.000 Strong 

2 High Finance Cost 26.26 21.016 0.713 0.000 Strong 0.830 0.000 Strong 

3 High Bidding Costs 26.85 20.754 0.733 0.000 Strong 0.814 0.000 Strong 

4 Delay in Payment of Annuity 27.98 20.087 0.732 0.000 Strong 0.856 0.000 Strong 

5 Financial Attraction of Project to Investors 23.89 17.372 0.647 0.000 Moderate 0.863 0.000 Strong 

6 Lack of Creditworthiness 22.87 17.394 0.661 0.000 Moderate 0.855 0.000 Strong 

7 Delay in Financial Closure 27.85 19.082 0.558 0.000 Moderate 0.745 0.000 Strong 

8 Inability to Service Debt 26.41 17.615 0.509 0.000 Moderate 0.704 0.000 Strong 

9 Lack of Government Guarantees 23.47 20.526 0.697 0.000 Moderate 0.911 0.000 Strong 

10 Financer Unwilling to Take High Risk 28.09 20.574 0.559 0.000 Moderate 0.836 0.000 Strong 




