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Abstract :  This study has been undertaken to critically review and analyze the cash flow concept from two different points of views, 

the engineering point of view and the accounting point of view in the construction industry as they differ resulting in 

mismanagement of company cash flows. Different cash flow models, approaches, and methodologies are introduced. Their 

applicability differ according to the different circumstances of the construction company.  

 

IndexTerms – Cash Flow Models, Cash Flow Approaches, S-Curve, Construction Companies 

 

CRITICAL ANALYSIS OF CASH FLOW MODELS AND APPROACHES IN CONSTRUCTION INDUSTRY  

 

I. INTRODUCTION 

 

This research aims to review previous cash flow (CF) related research from an engineering perspective. It started with 

general review of different perspectives in managing cash flows whether for engineers or accountants to determine research gaps 

and outline CF approaches. And because companies’ CF systems should comprise each at the project level (Adinyira et al. 2021), 

its accounting systems, and financial strategic objectives; the chapter reviewed the previous CF models at both the project and 

company levels. CF definitions as well as CF management definition are clearly discussed as a crucial point in understanding CF 

and distinguishing between components that comprise cash flow. Those components are cash inflows, cash outflows, income, cost 

flow, net profit, and net income. This is followed by presenting an extensive review for CF systems in accounting as it might include 

some developed systems that are not applied in the broader scope in the construction industry. Finally, the previous Decision Support 

Systems (DSS) that have been used in managing CF for construction companies are also reviewed.  

 

DIFFERENT PERSPECTIVES AND APPROCHES OF CASH FLOW 

 

Studies in cash flow problems have been widely researched from different perspectives (Ikediashi and Okolie 2020, 

Peterson 2009), as such; it produced incomprehensive solutions (Bhadeshiya 2021, and kenley 2003). According to Ikediashi and 

Okolie (2020), CF is presented through two schools: construction and accounting due to the interdisciplinary nature of CF field. 

The first school viewed CF through determining project/company financing requirements (Tavakolan and Nikoukar 2019); or 

managed CF in terms of risk factors that highly affect cash flows for each project/company levels ( Zayed and Liu 2014, and 

Odeyinke et al. (2012).  
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The second school viewed CF through companies’ financial statements, in specific, the statement of cash flows.  This is 

done by managing cash sources and cash uses whether related to operating CF, financing CF, or investing CF (Koopman and 

Cumberlege 2021). In addition to other studies that managed CF through companies’ financial ratios to achieve companies’ 

competitive advantages and ensure its growth sustainability (Amayreh and Castaneda 2019). These researches focused on managing 

companies CF while keeping it profitable (Adinyira et al. 2021); and more liquidate (Cevikcan and Kose 2020). (Ikediashi and 

Okolie 2022) highlighted that CF for accountants’ is often viewed through managing the whole money flowing in and the money 

flowing out the organization. 

It is worth noting that Kulonda (2004) pressed the engineers’ limited view to CF as they manage it through the time value 

of money and various alternatives based on discounted CF and assured limitation of their views. The researcher pointed to the 

importance of managing CF though the interpretation of financial meanings and understanding project’ CF relationship with 

financial data placed in the CF statement. Different concepts for managing CF are presented in the next section. 

 

Cash Flow from Engineers Perspectives 

Cash flow is widely known in construction research as “the difference between cash in and cash out” (Adinyira et al. 2021). 

In fact, the terms “cash in” and “cash out” are specific to the construction industry (Ikediashi and Okolie 2020, and Kenely 2006, 

Jarrah et al. (2007). Kenley (2003) assured that, the term cash inward/inflow is used for the payment from the client to the contractor 

that resulted from the progress payments of the completed work and accordingly, the term of outward or outflow is used for the 

payment out to subcontractors, suppliers, servicing of loans, wage bills etc.  

 

In construction context, engineers’ concern is how to support project financing requirement (Purnus and Bodea 2015), 

liquidate it with cash, and determine the time of loan (Vaidehi et al. 2019). Their target is how to fill the gap between expenses and 

revenues (Adinyira et al. 2021, Cheng et al. 2020); and define maximum and minimum required cash inflows and outflows (Tabei 

et al. 2019); in addition to rank the CF factors that highly impacts and related to projects’ activities (Mahmoud et al. 2021, Ranjbar 

et al. 2021, Zayed and Liu 2014; and Odeyinke et al. 2012). These factors like advanced payments, progress payments’ conditions, 

percentage of retention, bank interest rate, subcontracting, payment to suppliers, etc. Several studies have been conducted towards 

ranking those factors and analyzing them in terms of risks. 

 

Construction Cash Flow from accounting Perspective 

CF management for accountants describe the money flowing in and flowing out the firm that is referred as “transfer of 

cash” (Ikediashi and Okolie 2020). It comprises all sources that could increase cash and all sources that could use cash. Cash for 

accountants is an index of the money that is received in or paid out by a firm for a particular period of time, which is required to 

keep the business running on a continuous basis ((Nwanyanwu 2015). However, accountants’ concern is making cash cycle more 

efficient and determine how the project liquidate, how fund moves through the business, and analyzing CF impacts on the running 

business (Vaidehi et al. 2019). Their focus is on studying factors that affect companies’ cash flows like credit limit (Ranjbar et al. 

2021), evaluating cash flow from operations (Pogorelov et al. 2018), providing high level of financial performance such as; liquidity, 

profitability, working capital, capital structure etc. Their risk factors related to inability to provide cash projection into the current 

business as well as not achieving companies’ strategic goals and market competitiveness in terms of financial ratios. 

 

According to these points of views, the different perspectives of CF negatively affect CF management systems, especially 

for company-level systems. Actually, CF problem should take into consideration both the construction and accounting perspectives. 

The problem is that the developed models either analyze from an engineering or an accounting point of view separately without 

considering both.  

 

Cash Flow Approaches 

The origin of CF researches was for solving problems of increasing inflation rates in construction. The starting CF models 

were to manage the flow of cash from clients to contractors (Kenley 2003). This result in the development of CF models originated 

as client-based models by using the gross cash flow approach. Gross cash flow consist of cash inflows and cash outflows (Kenley 

2003).  This is because the main aim is only to predict client’ expenditure and control contractor’ progress payment. This approach 
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is found in models for the time-cost relationship as well as models in evaluating performance based on the relationship between 

time and cost (kenley 2003). Then, the initial basis of CF curve was originated from a value curve however this approach is criticized 

by many researchers for example, Kaka and Price (1993), and Evans and Kaka (1998) who assured that it gives high errors and are 

not suitable even for a few numbers of projects. 

 

But later, the problem of increasing interest rates and increasing financing costs affected contractors directly who 

concentrated to claim early payments to decrease their financing costs. Thus, the focus was for the time value of money by 

calculating the balance between cash inflows and a cash outflow, which is known as the net cash flow approach (kenley 2003).  

 

This makes CF approaches considered as a contractor-based however, net CF approach was beneficial also for clients, as 

they used it to maximize their advantages of time value of money besides the benefits of gross CF approach (kenley 2003). The net 

CF approach could be found in models that are not related to time and cost and are found in the interference between cash flow 

component curves (Odeyinka and Lowe 2001, Kenely 2003). The following figure 1shows construction cash flows 

 

Figure 2: Construction cash flow concept 

 

After the 2008 financial crisis, special focus was given to every financial element. This shaped another CF approaches; 

negative CF approach and positive CF approach as shown in Figure 2. According to these approaches, negative CF is the cash 

flowing out the business which is referred in the studies as expenditures; and the positive CF is the cash flowing in the business 

which is referred in the studies as earnings (Odeyinka and Lowe 2001). Those approaches are used according to the aim of the study 

and applied for each client as well as contractors. Other studies highlighted the conceptual classification of CF forecasting 

methodologies as shown in Figure 3 that comprise each positive CF, each negative CF, and net CF approaches.  
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Figure 3: Conceptual classification of cash flow forecasting methodologies according to Odeyinka and Lowe (2001) 

 

As the current study considered financial aspects within company, so, the suitable approach of the current research is the 

net cash flow approach that is derived from positive cash outflows and cash inflows concepts. This is because the 

positive and negative approaches are compatible with cash flows from an accounting perspective.  

 

CASH FLOW MODELS  

 

CF models have always been noted in literature since the 70th (Cheng et al. 2020, Purnus and Bodea 2016, Keley 2003). 

Uncountable CF models are developed, however; they are criticized because of their simplicity that caused systematic errors 

(Virtanen 2021, Ayman 2021, Cheng 2020, Andersson and Karlsten, 2019), in addition to their difficulty in application (Ranjbar et 

al. 2021, Adjei et al. 2019, Park et al. 2009, Kenley 2003), and falling to forecast CF dynamically (Dabirian et al. 2021). The origin 

of CF models was client models that rarely depend on detailed planned schedules (Kaka and Price 1993). They are often produced 

by budgeting and deriving income from projects’ schedules which caused inaccurate results. This is because revenues and 

expenditures significantly differ from actual inflows and outflows. The aim of the next section is to present the different 

methodologies that CF is followed to determine the most appropriate methodology that fulfill the current research problem and help 

in achieving its objectives. 

 

Previous Cash Flows Methodologies 

In literature, CF models are based on the idiographic, nomothetic methodology, or nomothetic-idiographic (Kenley 2003, 

Odeyinka and Lowe 2001, Kaka and Price 1993, and etc.).  Idiographic methodology is used when the research problem is applied 

for individual project that considered its uniqueness nature; but nomothetic methodology is applied for group of projects to derive 

a standard curve from projects’ past data to be used as a benchmark prediction curve (Virtanen 2021, Kenley 2003), while the 
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nomothetic-idiographic methodology is used when considering the features that distinguish each project within a group of the same 

project type (Kaka and Price 1993). 

 

 The initial industry models were nomothetic (Virtanen 2021), for example, the models of: Bromilow model (1978), 

Berdicvesky (1982), Peer (1982), Tucker and Rahilly (1982), and Tucker (1986), (1988), ect., however, the most significant models 

was the Bromilow (1978) model. The Bromilow’ model was provided by the “Division of Building Research, Commonwealth 

Scientific and Industrial Research Organization” (CSIRO) and depends on Balkau (1975) equation that was initiated in a capital 

works programming (Kaka and Price 1999). The Bromilow model was criticized because of its starting and ending points of the 

developed CF curve (Kenley 2003) as starting point didn’t match project time equal zero and also its finish was at 17% after project 

completion. 

 

In general, the direction towards nomothetic have been introduced since the 70th by Zoiner (1974) who proposed a CF 

model based on detailed projects’ schedules of a 4 similar housing projects, however, they were different in size and their progress 

rate. Then Zoiner model was followed by Berdicevsky (1982) model and Peer (1982) model that were affected by the Bromilow 

model. In Berdicevsky model, a sample of 3 university projects different in their sizes were analyzed. In that model, a general CF 

polynomial equation in the 3rd degree was generated. The equation was derived from cost commitment curve depending on detailed 

project’ schedules. Although the Berdicevsky equation was recorded as powerful equation because of its simplicity, it was 

questionable because of the extreme difference between the projects’ size and schedule. In addition, the inflation rate in this period 

was very high and there was wide variance in costs resulted from inflation. The Berdicevsky model was followed by Peer (1982) 

model that used all samples of each Berdicevsky and Zoiner models together, divided them in category-base to provide a general 

CF curve that was recorded acceptable results, however, Peer’ equation didn’t consider time lags to the costs and earned values 

(Park 2004). This was followed by Betts and Gunner (1993) model who used Peer’ equation by applied a polynomial regression to 

sets of data of a different 73 projects, however, their model plots only 18 of the 73 projects that reached 100% of time and cash 

(Kenley 32003). These results weren’t acceptable in the research community. At the same time another application of Bromilow 

model is done by Tucker and Rahilly (1982) that derived a compound equation to calculate CF. That equation divided project’ CF 

into constant CF and variable CF, but the equation was criticized because it was easy manipulating the equation’ variables.  

 

Accordingly, it was clear that most models were affected by Bromilow model that was totally nomothetic and was criticized 

because of its developed curve. And although many efforts was tried to solve that problem, they failed to solve it completely. For 

example, Betts and Gunner (1993) who worked on Bromilow model and developed a standard curve, it’s starting at zero, but the 

end of the curve was still determined by regression (Kenley 32003). The above-mentioned models were all also criticized because 

of their limited number of samples, except the Betts and Gunner model, and models’ curves couldn’t be generalized as their 

derivation was built only upon few samples that were varied between: 4 samples for Brimilow (1978) and 7 samples for each of 

Berdicevesky (1978) and Peer (1982). In fact, the abovementioned models had a noticeable effect in CF community, but it seems 

that their dependency on one model, the Bromilow model, that used only 4 general building projects or even 7 projects as applied 

in Peer make it difficult to express the whole industry (Kaka and Price 1993). 

 

A different direction for using nomothetic methodology rather than the Bromilow model is raised and based on developing 

an envelope of S-curves as shown in Figure I. Actually, the idea of using curve envelop was first introduced by Jepson (1969) and 

Kerr (1973) and continued with Singh and Phua (1984) research. In Phua research, a model was introduced that fitted only 50% of 

a studied sample of high-rise commercial and industrial projects. Then, the direction of developing envelope S-curves was applied 

by Miskawi (1989) who derived a CF equation that was recorded as an easy and simple equation (Kishore 2008). 

 

By applying Miskawi equation, the percent of completion with the % of total project duration could be presented by using 

one equation that could develop an envelope of S-curves. These curves have varied between a range value for percent of completion 

P (0→100) and a range values for percent of time T (0→100). The equation could produce a group of curves as shown in Figure I. 
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Those curves could be generated by changing the shape factor of the S-curves (TP) values to cover a range between 5 to 95. But, 

although Miskawi’ equation was derived from the industry; it was referred as a limited equation that couldn’t represent all projects’ 

types (Kenley 2003, Khazandi et al. 2017). Actually, that equation was powerful, simple, had a considerable change to the research 

direction rather than the Bromilow model, and might be more applicable in site because of its simplicity, but, it might be suitable 

for Petro-chemical projects as it was originated from a Petro-chemical industry that extremely different from construction industry. 

Furthermore, it didn’t consider some important factors that actually affect the cash in, for example, the advanced payment, that is 

commonly used in construction projects. In addition, that the idealization within CF curves that were developed by Miskawi model 

is questionable and might not founded in most project types. 

 

Figure I: An S-curve equation for project control, according to Miskawi (1989) 

 

In general, the argument of using nomothetic, is that most contactors are executing several projects at the same time. In 

addition, that standard curves are beneficial because deriving a standard curve could yield capital requirements within the company 

(Virtanen 2021). This is an important point and might express the reality within construction firms. Thus, the nomothetic 

methodology is observed as ideal at company level (Virtanen 2021); because the curves’ errors that were founded in nomothetic 

wouldn’t be significant as the small errors that might be in individual projects wouldn’t cause significant variation in company level 

(Virtanen 2021, Kenley 2003). 

 

For idiographic methodology, it was initiated by Hardy (1970) who assured the wide variance between 25 of different CF 

curves and pressed their uniqueness. The idiographic methodology had noticeable was generally accepted in the research community 

for example: Oliver (1984), Kenley and Wilson (1986), Berny and Howes (1982), Khosrowshahi (1991), Boussabaine and Kaka 

(1998), Boussabaine and Elhag (1999).  

 

For Oliver (1984), he studied a sample project that were gathered from different construction companies and concluded 

the inability of nomothetic direction to be applied for individual projects and supported the idiographic methodology. Kenley and 

Wilson (1986) also support the idiographic concept and developed a model that was commonly known as the “logit” model. In this 

model, they studied 72 of commercial and industrial projects, dividing them into main categories, and provided S-curve for each 

individual project in addition to provide an average curve for each category. They built their model upon the Lorenz curve; as an 

economic instrument that is commonly used to measure income inequality in different periods (Lucky and Sam 2018); to be used 

in expressing the % of completion with % time as shown in Figure 4. They used the logit transformation to fit the data rustled that 

enabled them to cover the shortage within Bromilow model related to the starting and ending point. Their research was powerful 

and has strengths points in sample volume and recorded a good fit for individual curves, however, the logit model recorded a 
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considerable error for the two average curves related to categories that their errors were higher than the errors from individual 

curves.  

 

Thus, they concluded and supported the idiographic that reflect the specific features that distinguish each project from the 

other. The logit model was powerful and had a considerable effort towards reality and solved the problem related to starting and 

ending of CF curves as a weakness point in Bromilow model toa become (0,100). But their focus was at the project level rather than 

portfolio level. Actually, the need for a curve that guides CF prediction is crucial specially for the planning stage. The logit model 

might be powerful in CF analysis during construction stage that needs details about CF while applying cost control. In addition, this 

model is not beneficial for the decision-making process at the portfolio level or the company level that requires making different 

decisions whether for planning, operating, or controlling all projects simultaneously.  

 

 The idiographicmethodology was supported also by Khosrowshahi (1991) who added a different way to forecast CF 

through applying distortion and kurtosis modules that concentrated on different peaks in the different periodic payment within a 

specific project, focusing on the s-curve shape in periodic manner. The model aimed to make CF prediction easier and applicable 

while considering risk factors that impact CF like payment delays and uncertainty (Odeyinka et al. 2008). But it seems that this aim 

isn’t achieved as Khosrowshahi model required a series of mathematical variables as inputs and did not touch the individual cost 

component levels (Msawil 2021). 

 

The idiographic methodology also supported by Boussabaine (1996) who introduced the power of using of Artificial 

Neural Networks ANNs in construction field that CF is part of.  His work was extended to Boussabaine and Elhag (1999) by 

proposing a model that considered the fuzziness within projects’ CF, dividing project life cycle into three main stages, according to 

Cooke and Jepson (1978) concept of classification. They used the fuzzy logic technique based on heuristic which assumed that: at 

the 1st third of project life cycle, the project total cost will at 0.25; and at the 2nd of life cycle, the project cost will t 0.75, and at the 

end of the project, the project cost will 100 % (Msawil 2021). However, his focus was to introduce a new approach of applying AI 

in construction management rather than the cash flow profile or problems related to CF management. 

 

 

Figure 4: Cash flow curve shown in Lorenz format, according to Kenley 2003 

In fact, many comparative studies have been conducted between the nomothetic and idiographic methodologies (Kenley 

and Wilson 1986); in order to prove the most reliable one that either focuses on: deriving CF curve from post-hoc projects or 

developing a specific S-curve for a specific type of project as an idiographic approach; or the researches that focus on deriving a 

standard curve that expresses a group of projects, those researches supports the nomothetic approach (Virtanen 2021,). The debate 

for idiographic models, in general, because they were developed after project completion, however the debate for nomothetic models 

as they couldn’t reflect the uniqueness of construction projects or their types and characteristics in addition to the wide variance 

between actual and expected values of the CF (Virtanen 2021, and Kenley 2003). 
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But other models emerged which consist of both the nomothetic and the idiographic approaches , for example, the model 

that have been developed by “the British Department of Health and Social Security” “DHSS”. The DHSS was developed by Hudson 

and Maunick (1974) and is commonly known in research community by the DHSS model. 

 

This was followed by Berny and Howes (1982) who modified the nomothetic approach to reflect the specific features 

within individual projects by developed a general CF equation for each individual project. That was followed by Kaka and Price 

(1993) and Evans and Kaka (1999) models that used the logit model that have been provided by Kenley and Wilson (1986) They 

developed CF curve in terms of their category by presenting a deterministic model which was completely based on Kenley and 

Wilson (1986) model. 

 

The above-mentioned models were beneficial because they considered the unique nature within projects that couldn’t be 

neglected at project level in addition to considering the effect of that project on the other projects in the category base. The 

idiographic-nomothetic methodology was used in researches that aimed at integrate project level with company level (El razek et 

al. 2014). 

 

This was done for example by Hudson and Maunick (1974), Berny and Howes (1982), Kaka and Price (1993), and Kaka 

and Price (1993(, and Kishore et al. (2011). Their concern was to consider the project as individual, while applying the idiographic, 

and at the same time taking into account the differences between CF curves in terms of their types, while applying the nomothetic 

methodoly. This is also another considerable point as integrating project level, is crucial, while managing company level. This could 

continue to gather the whole portfolios to reflect the operating activities within the company.  

 

CF models were categorized by level whether for company or project level. According to the classification of Kishore et 

al. (2011), CF models is almost heuristic for project level and computer-based for company-level as shown in Figure 5. However, 

Kishore et al. (2011) criticized the heuristic models and their accuracy which related to the multiple details of data. They also 

criticized the computer-based approach because of the used tools that depend on complicated algorithms, needs to be simulated and 

required a specific knowledge which were not commonly found between construction contractors (Kishore et al. 2011). This is an 

important point as it might be a reason that inhabits applying CF models between contractors that are developed based on AI tools 

and techniques that might be not user friendly. It might be suitable to select an easy tool for company-level to be more applicable 

between different contractors in addition that point is also highlighted by many researchers for example Konior and Szóstak (2021) 

and Ranjbar et al. (2021).  

 

In Kishore et al. (2011) research, the project cost categories approach for project level is used and the fuzzy logic and 

neural networks is applied for company level. Their model was idiographic-nomothetic and considered the ambiguous data related 

to changing portfolio of CF composition. However, their model was based on modeling experts’ advice using a fuzzy proportional 

derivative (PD) concept 

 

According to Elmousalami (2020) and Meyer et al. (2013), the cost estimating method for company-level is top-down 

approach that required historical data, while, for project level is down-top approach that requires details. This concept seems to be 

suitable and compatible with the nomothetic-idiographic methodology as the research problem is applied for company-level. And 

because the cost categories are nomothetic, the approach for estimating costs should be in categories manner that mainly related to 

the cash out calculations  
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Figure 5: Classification of existing cash-flow forecasting model according to Kishore et al. (2011) 

 

Results and Conclusion 

Engineers working in construction companies must be careful when interpreting cash flow concepts as some projects may 

be incurring losses and engineers misinterpret the results of the project as achieving profits and vice versa. This is crucial for the 

success and solvency of the company. Different cash flow models and approached emerged and yet there is no unique model that 

takes into consideration the project level perspective and the company level perspective at the same time specially from an 

accounting and engineering point of view. 
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